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INTRODUCTIOB 

I n  considerat ions of t h e  poss ib le  e f f e c t s  of long-term space 

f l i g h t  on hman physiology, t h e  metabolic response of t h e  musculo- 

s k e l e t a l  system appears as a major probable stress response. Many 

s tud ie s  have been ca r r i ed  out i n  t h e  pas t  of t h e  e f f e c t s  of simula- 

t e d  weightlessness i n  ind iv idua ls  a t  ground-level conditions.  Ob- 

viously,  such s tud ie s  can only give ind ica t ions  o t  poss ib le  phe- 

nomena t h a t  might be observed under condi t ions of t r u e  weightless- 

ness such as wctuld be experienced i n  space f l i g h t ,  

Weightlessness has been approximated experimentally using con- 

d i t i o n s  of complete h o s p i t a l  bedrest  or of prolonged continuous water 

immersion. Although these  s i t u a t i o n s  are only approximations of t h e  

zero g rav i ty  s t a t e ,  considerable information has been gathered of' t h e  

c i r cu la to ry ,  card iac ,  muscular and s k e l e t a l  responses t o  r e l a t i v e  

lack  of grav i ty  s t r e s s .  

The e a r l y  study of Cuthbertson (1) of e igh t  nonnal subjec ts  and 

p a t i e n t s  confined t o  bedrest  fo r  varying per iods of time up t o  two 

weeks demonstrated t h a t  ur inary  calcium excret ion increased and  nega- 
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t i v e  calcium balance r e s u l t e d  within t h i s  per iod of time. I n  1945, 

Keys a t  Minnesota ( 2 )  reported c a r e f u l l y  cont ro l led  bedres t  s tud ie s  

i n  s eve ra l  sub jec t s ,  but unfortunately no rneasureiients of calcium 

balance or of calcium metabolism were c a r r i e d  out.  The highly con- 

t r o l l e d  s tud ie s  by Dei t r ick ,  Whedon, and Shorr (3) of immobilization 

of fou r  heal thy youiig men demonstrated q u i t e  c l e a r l y  t h a t  t h e  con- 

d i t i o n s  of immobilization by cont ro l led  bed res t ,  with t h e  added 

r e s t r a i n t  of body c a s t s ,  l e d  t o  not iceable  increases  i n  ur inary  cal-  

cium, s i g n i f i c a n t l y  negative calcium balances,  as wel l  as p a r a l l e l  

changes i n  ni t rogen and phosphorus metabolism. Considerable individ- 

ual  va r i a t ion  vas noted amongst t h e  four  sub jec t s ,  bu t  t h i s  d id  not 

d e t r a c t  from s i g n i f i c a n t  observations because of t h e  c a r e f u l  cont ro l  

of o ther  f a c t o r s  t h a t  might inf luence calcium excret ion,  such as 

d i e t a r y  corn7osition and t o t a l  body a c t i v i t y .  I d e n t i c a l  d i e t s  were 

used during a pre-bedrest cont ro l  phase as were used during t h e  bed- 

r e s t  phases and during t h e  post  i m o b i l i z a t i o n  cont ro l  phases. 

With t h e  advent of space f l i g h t ,  add i t iona l  s tud ie s  have been 
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repor ted  concerned with t h e  e f f e c t s  of weightlessness on s k e l e t a l  

metabolism. Graveline, e t  a l .  ( 4 )  repor ted ,  i n  t h e i r  study of t h e  

effect of one week of continous w a t e r  immersion of one sub jec t ,  t h a t  

no increase  w a s  seen i n  u r ina ry  calcium excre t ion .  On t h e  o ther  hand, 

Birkhead, e t  a l .  (51, studying four  sub jec t s  during It2 days of bed- 

rest and 18 days of cont ro l led  a c t i v i t y  preceding and following t h e  

bedres t  phase, demonstrated t h a t  even when minimal a c t i v i t y  such as 

t h a t  connected with ea t ing ,  bathing and excretory functions were 

permitted,  sus ta ined  increases  i n  ur inary  calcium excretion devel- 

oped and p e r s i s t e d  throughout t h e  phases of immobilization. Contract 

s t u d i e s  supported by N . A . S . A .  c a r r i e d  out a t  t h e  Texas I n s t i t u t e  of 

Rehabi l i ta t ion  and Research ( 6 )  have shown similar phenomena, al- 

though of lesser magnitude and, i n  addi t ion ,  demonstrated changes i n  

bone dens i ty  of t h e  os c a l c i s  during bedres t .  

Carefully con t ro l l ed  s t u d i e s  of calcium metabolism under varying 

conditions of physiology and pathology have demonstrated previously 

t h a t  s i g n i f i c a n t  changes i n  calcium excre t ion  genera l ly  occur over 
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long periods of time, and a r e  not s i g n i f i c a n t  unless  ca re fu l  col- 

l e c t i o n s  are ca r r i ed  out under cont ro l led  condi t ions f o r  per iods 

for at l e a s t  two weeks ( 7 , 8 ) .  Therefore,  mineral  balance stud-ies 

were not attempted i n  t h e  cur ren t  Gemini program u n t i l  t h e  first 

long durat ion f l i g h t  w a s  scheduled, t h a t  of t h e  Gemini VI1 mission. 

This f l i g h t ,  which w a s  t o  last  f o r  fourteen days, allowed t h e  design 

of appropriate  protocols  permit t inq,  i n  addi t ion  to i n f l i g h t  ob- 

se rva t ions ,  ca re fu l ly  cont ro l led  pre- f l igh t  and pos t - f l igh t  s tud ie s  

as wel l .  An examination of musculoskeletal  metabolism obviously 

fnvolves more than simply measurement of d i e t a r y  in takes ,  u t i l i z a -  

t i o n  and excret ions of calcium and nktrogen. Muscle metabolism in- 

volves both ni t rogen and phosphorus mechanisms. Bone physiology i s  

dependent upon u t i l i z a t i o n ,  not only of calcium, but  a l s o  of ni t rogen 

and phosphorus, as w e l l  as of magnesium, sodium, and s u l f u r .  Further- 

more, t h e  r e l a t i v e  absorptions and excret ions of these  elements a r e  under 

t h e  inf luence of various endocrine systems as w e l l  as of d i e t a r y  com- 

ponents such as fa ts ,  vitamins,  sodium, and potassium. Thus, a 
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c a r e f u l l y  designed study of musculoskeletal metabolism requ i r e s  t h e  

measurements of balances of calcium, n i t rogen ,  phosphate, magnesium, 

sodimi, potassium, sulphate among t h e  obvious f ac to r s .  I n  add i t ion ,  

t h e r e  should be es t imates  of endocrine a c t i v i t y  such as adreno- 

c o r t i c a l  a c t i v i t y .  Measurements of t h e  excre t ion  of adrenocor t ica l  

hormones and of sodium and potassium were previously incorporated as 

p a r t  of t h e  scope of t h e  M-7 experiment t o  be c a r r i e d  out i n  conjunc- 

t i o n  wi th  the  Gemini space f l i g h t s .  Close cooperation and collabora- 

t i o n ,  t he re fo re ,  between t h e  present  experimenters and those  assoc ia ted  

with t h e  hormonal body f l u i d  s t u d i e s  w a s  planned as p a r t  of t h e  

pro tocol  f o r  t h i s  study. 



GENEML PLAN 

The experiment w a s  designed t o  comprise f o u r  phases: 

1. A dry run p re - f l i gh t  phase involving volunteer suk jec t s  t o  

t es t  t h e  various procedures t o  be u t i l i z e d .  Since t h i s  was designed 

primal-ily t o  t es t  t h e  labora tory  techniques,  t h e  volunteers were t o  

be se l ec t ed  from c i v i l i a n  personnel assoc ia ted  with t h e  p r o j e c t  and 

t h e  phase w a s  tc; be of r e l a t i v e l y  sho r t  duration. 

2. Pre- f l igh t  con t ro l  phase. This per iod  of t h e  study would in- 

volve t h e  two as t ronauts  of  the prime crew and t h e  two astronali ts  of' 

backup crew of t h e  Gemini V I 1  mission. This would las t  t e n  days, 

from T-12 t o  T-2, and would cons i s t  of ccmpletely con t ro l l ed  in t ake  

and co l l ec t ions  as described below. 

3. The i n f l i g h t  phase was t o  involve t h e  two f l y i n g  a s t ronau t s .  

This w a s  t o  last throughout t h e  e n t i r e  i n f l i g h t  phase of 14 days. 

4. Post - f l igh t  phase t o  l a s t  4 days beginning immediately uyon 

recovery of t h e  f l i g h t  c r a f t  and. t o  involve t h e  two as t ronau t s  who had 

p a r t i c l p e t e d  i n  t h e  mission. 
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Various experimental f a c t o r s  were t o  be cont ro l led  throughout 

t h e  e n t i r e  study. Optimal experimental conditions r equ i r e  t h e  ac- 

cu ra t e  con t ro l  and measurement of  d i e t ,  u r i n e ,  f eces ,  sweat, and 

a c t i v i t y ,  as we l l  as of' f l u i d  in t ake .  Each of t hese  f a c t o r s  w i l l  

be discussed i n  more d e t a i l .  

1. D i e t .  The d i e t  of a l l  t h r e e  phases, f o r  optimal i n t e rp re -  

t a t i o n  of meta,bolic d a t a ,  should be as similar as poss ib le .  Since 

each man would serve  as h i s  ovn c o n t r o l  f o r  conparison of pre-, in-,  

and pos t - f l i gh t  phases, i n t e r - ind iv idua l  v a r i a t i o n  would 'De perinis- 

s ib le  b u t ,  at tempts should be made t o  keep t h e  d i e t a r y  in t ake  as 

comparable as poss ib l e  among t h e  t h r e e  Fhases. To provide t h i s  degree 

of con t ro l ,  t h e r e f o r e ,  t h e  p re - f l i gh t  phsse was t o  be c a r r i e d  out a t  

t h e  Manned Space Operations Building a t  Cape Kennedy. A d i e t ,  con- 

s t a n t  i n  composition, would be planned by a s p e c i a l l y  t r a i n e d  metabolic 

d i e t i c i a n  and prepared under her  supervision a t  t h e  crew q u a r t e r s ,  t o  

be fed  t o  t h e  crew under supervised meal s i t u a t i o n s .  Mo addi t iona l  

snacks would be permitted and every attempt would be made t o  ensure 
*\  



complete inges t ion  of t h e  prepared menus. The i n f l i g h t  dieti iry in- 

t ake  would be e a s i e r  t o  con t ro l  s ince  a l l  of t h e  food f o r  t h e  

Gemini VI1 f l i g h t  would be prepared beforehand according t o  pre- 

viously a r r ived  a t  protocrils ,  and a l l  food would be pre-packaged i n  

t h e  form of t h e  usua l  Gemini f l i g h t  food packs t o  be eaten i n  a pre- 

sc r ibed  sequence. Pos t - f l igh t  d i e t a ry  con t ro l  would be achieved by 

pre-packaging of t h e  i d e n t i c a l  d i e t  u t i l i z e d  during t h e  p re - f l i gh t  

phase f o r  use on board t h e  recovery vessel fo r  t h e  first; two days 

of t h e  pos t - f l igh t  per iod and subsequent feeding a t  Cape Kennedy under 

t h e  i d e n t i c a l  condi t ions used during t h e  pre- f l igh t  phase. 

2. Uri.ne co l l ec t ions .  Complete co l l ec t ions  of ur ine  a r e  essen- 

t i a l  f o r  ca lcu la t ions  of metabolic balances.  During t h e  pre-fl iTti t  

and pos t - f l i gh t  phases,  co l l ec t ion  f a c i l i t i e s  were t o  be es tab l i shed  

i n  t h e  crew qua r t e r s  and a t  var ious s i t e s  a t  Cape Kennedy vhere t h e  

crew would be undergoing t r a i n i n g  and preparat ion.  Ind iv idua l  r e f r iqe r -  

ators and commodes were t o  be placed i n  t h e  t o i l e t s  i n  t he  crew qua r t e r s  
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at t h e  F l igh t  Simulator F a c i l i t y  and. a t  t h e  blockhouse near t h e  



Gemini VI1 c r a f t .  Ind iv idua l  p l a s t i c  conta iners  with l a b e l s  and marking 

devices were loca ted  adjacent t o  t h e  c o l l e c t i o n  sites and a team of 

a ides  were t o  make r egu la r  rounds of t h e  s i t e s  t o  recover t h e  conta iners  

and r e t u r n  them t o  t h e  p repa ra t ive  labora tory  t o  be e s t ab l i shed  i n  t h e  

MedTcal Operations a rea .  

I n f l i g h t  u r ine  c o l l e c t i o n  w a s  t o  be accomplished u t i l i z i n g  t h e  

previously designed u r ine  t r a n s p o r t  system. Engineering c o n s t r a i n t s  

d id  not  permit a11 u r i n e  voided t o  5 e  co l l ec t ed .  The system was t o  

provide a means f o r  measurement of t o t a l  volane of each voidinr;: by 

means of a t r a c e r  d i l u t i o n  technique and. €or preserva t ion  of a l i q u o t s  

of each sample. Provision w a s  a l s o  made f o r  l abe l ing  of each sample 

with t h e  as t ronauts  i n i t i a l s  and mission t i m e  of voiding. 

3. S t o o l  co l l ec t ions .  P re - f l i gh t  and pos t - f l igh t  s t o o l  co l l ec t ions  

were t o  be c a r r i e d  out using t h e  t o i l e t  and r e f r i g e r a t i o n  f a c i l i t i e s  

provided a t  Cape Kennedy. I n f l i g h t  s t o o l  collections’jwere t o  be made 

with t h e  Gemini defeca t ion  devices previously designed. 

4. Sweat co l l ec t ions .  It would not be f e a s i b l e  t o  ca r ry  out 
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t h e  complete sweat c o l l e c t i o n s  f o r  t h e  e n t i r e  dura t ion  of a l l  t h r e e  

phases. Therefore, during t h e  p re - f l i gh t  and pos t - f l i qh t  phases, 

24-hour sweat c o l l e c t i o n s  were t o  be scheduled. During t h e s e  periods 

t h e  sub jec t s ,  a f t e r  coniplete washing down of t h e  e n t i r e  sk in  su r face ,  

would don previous ly  ex t r ac t ed  f l i g h t  underwear s u i t s  and would wear 

these  f o r  a continu0u.s 24-hour period. A t  t h e  end of t h i s ,  another 

washing dawn would be c a r r i e d  out.  The wash water and t h e  s u i t s  were 

t o  be combined and t h e  tota.1 f l u i d  eventually concentrated i n t o  a 

form s u i t a b l e  fo r  ana lys i s .  For t h e  i n f l i g h t  phase, a t o t a l  lh-d.ay 

c o l l e c t i o n  would be c a r r i e d  out w i th  ex t r ac i ton  of t h e  i n f l i g h t  

und-erwear removed immediately a f t e r  recovery. 

4. Act iv i ty .  Because of ,the c o n s t r a i n t s  of p re - f l i gh t  t r a i n i n g ,  

it w a s  not considered f e a s i b l e  nor des i r ab le  t o  con t ro l  phys ica l  ac t iv-  

i t y .  Therefore, during t h e  p re - f l i gh t  and pos t - f l i gh t  ;phases - -  ad l i b  

a c t i v i t y  was t o  be expected, and t h i s  w a s  t o  be considered t o  be an 
/ 

a d d i t i o n a l  va r i ab le  i n  t h e  study. I n f l i g h t  a c t i v i t y  was t o  cons i s t  of 

t h a t  necessary f o r  maneuvers, p lus  a f ixed  program of exe rc i se  which was 



t o  be a r r ived  at  by t h e  as t ronauts  and t h e  staff of t h e  Center Medical 

Operations. 

6 .  Fluid  in take .  F lu id  in t ake  w a s  t o  be ad l i b i tum,  bu t  t h e  

q u a n t i t i e s  inges ted  were t o  be recorded. The majority of t h e  f l u i d s  

during t h e  pre- and pos t - f l i gh t  phase w a s  t o  be obtained wi th  t h e  d i e t ;  

c a l i b r a t e d  cups were provided t o  each of t h e  sub jec t s  f o r  measurement 

of add i t iona l  f l u i d  in t ake  i n  t h e  course of t h e  day. I n f l i g h t  f l u i d  

in t ake  was t o  be estimated from t h e  water disDensinEz device on board 

t h e  c r a f t .  

7. Specimen preserva t ion  an& analyses.  A l l  pre - f l i gh t  and post- 

f l i g h t  specimens of u r ine ,  f eces ,  sweat, and d i e t  were t o  be assembled 

at a provis iona l  labora tory  e s t ab l i shed  i n  t h e  Medical Operations area. 

Pe r t inen t  measurements of volumes were t o  be c a r r i e d  ou t ,  a l i q u o t s  of 

t h e  u r i n e  samples were t o  be preserved by t h e  addi t ion  of appropr ia te  

chemicals, frozen and shipped t o  t h e  l a b o r a t o r i e s  a t  Cornell  University 

i n  I t h a c a ,  New York f o r  analyses.  Aliquots of t h e  same u r ine  specimens 

were t o  be preserved with a l t e r n a t e  chemicals, frozen and shipped t o  t h e  
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l abo ra to r i e s  assoc ia ted  with M-5 study. S tool  specimens were t o  be 

frozen and shipped s i m i l a r l y  t o  t h e  I thaca  l abora to r i e s .  I n f l i g h t  

specimens were t o  be recovered from t h e  c r a f t  as soon as poss ib le  

and shipped for ana lys i s  t o  t h e  appropriate  laboratory.  The 

s p e c i f i c  chemical determinations t o  be c a r r i e d  from each sample a r e  

l i s t e d  i n  Table I and a r e  discussed below. 



RESULTS 

The resu l t s  of t h i s  study of t h e  e f f e c t s  of space f l i g h t  on 

musculoskeletal  metabolism as measured i n  t h e  course of t h e  14-day 

Gemini VI1 f l i g h t  of December, 1965, a r e  far from unqual i f iedly suc- 

cess fu l .  The da ta  were obtained from s tud ie s  involving only two 

sub jec t s ,  and the re fo re  suggest only extremely preliminary,  t en ta -  

t i v e  conclusions. There were many problems, both forseeable  and un- 

forseeable ,  associated with t h e  conduct of t h i s  experiment leading t o  

va r i a t ions  i n  t h e  observations f o r  each subjec t .  I n  addi t ion ,  as 

predic tab le ,  t h e  two subjec ts  responded q u i t e  d i f f e r e n t l y  from each 

other .  Despite these  inadequacies, however, w e  be l ieve  t h a t  t h e  exper- 

iment w a s  of value i n  t h a t  it represents  t h e  first e f f o r t  t o  obtain 

information on poss ib le  metabolic changes i n  man during space f l i g h t .  

I n  addi t ion ,  t h e  experience obtained can lead  t o  t h e  b e t t e r  planning 

of subsequent s tud ie s  t o  obtain more conclusive data .  

A. Variations from i n i t i a l  protocol.  Despite t h e  preparat ion 

of an extremely r i g i d  protocol  f o r  t h e  Y-7 experiment, it was apparent 
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t o  t h e  inves t iga to r s  t h a t  adherence t o  t h i s  pro tocol  would not  be 

completely poss ib le  i n  view of t h e  f a c t o r s  which cont ro l led  t h e  

experimental environment under which t h i s  was ca r r i ed  out .  The 

governing p r i n c i p l e  f o r  a l l  work i n  t h e  space e f f o r t  must, a t  present ,  

be t h e  p r a c t i b l e  engineering f e a s i b i l i t y  of pu t t ing  man i n t o  o r b i t  

and then  g e t t i n g  as soon as poss ib le  t o  t h e  moon. I n  t h e  course of t h e  

Gemini f l i g h t  s e r i e s ,  s c i e n t i f i c  in forna t ion  of all kinds has been 

gathered, p a r t i c u l a r l y  in. t h e  areas of astronomy, r ad ia t ion ,  and 

geography. The primary goal of all of these  s tud ie s  has been t h e  

acqu i s i t i on  of knowledge of p r a c t i c a l  s ign i f icance  t o  t h e  conquest of 

space. F l igh t s  e s s e n t i a l l y  f o r  Dbtaining knowledge f o r  i t s  own sake 

are now i n  t h e  planning s tage.  To da te ,  considerat ion of t h e  e f f e c t  

of space f l i g h t  on t h e  func t iona l  i n t e g r i t y  of man from t h e  medical and 

physiological  po in t s  of view, has claimed l imi t ed  a t t e n t i o n  except 

fo r  evaluat ion of cardiovascular and o t o l i t h  funct ions.  Medical s tud ie s  

a t  present  must be j u s t i f i e d  only i n  terms of what & b e  learned f o r  

as t ronauts '  s a fe ty  i n  f l i g h t s  of up t o  two weeks durat ion and f o r  
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pred ic t ion  of poss ib l e  adverse inf luences  on hea l th  and s a f e t y  for 

f l i g h t s  of longer periods.  Gemini VI1 w a s  t h e  eighth o r b i t a l  f l i g h t ,  

bu t  only t h e  first i n  which a s p e c i f i c  e f f o r t  was made t o  obta in  physio- 

l o g i c  da t a  by complete c o l l e c t i o n  of exc re t a  i n  connection with planned 

con t ro l l ed  s tud ie s .  Even i n  t h i s  f l i g h t ,  medically o r i en ted  s t u d i e s  

were only a s m a l l  p a r t  of an extensive l i s t  of opera t iona l  and experi- 

mental a c t i v i t i e s  requi red  of t h e  astronau%s before ,  during, and after 

f l i g h t .  For these  reasons,  it vas impossible t o  ca r ry  out what wotrld 

be considered an i d e a l  experirnectal p ro tocol ,  p a r t i c u l a r l y  from t h e  

po in t  of v iev  of mineral  metabolism. Engineering, t r a i n i n g ,  and f l i g h t  

r e s t r i c t i o n s  forced  many compromises i n  t h e  acqu i s i t i on  of physiologic 

da ta .  

1. Dietary cont ro l .  It soon became apparent t h a t  a 10-day pre- 

f l i g h t  con t ro l  phase w a s  not s u f f i c i e n t  from t h e  poin t  of vfew of 

e s t ab l i sh ing  constant d i e t a r y  in take .  It is  well-recognized i n  ground 

based metabolic s t u d i e s  c a r r i e d  out under conditions of a hosDital  meta- 

b o l i c  u n i t  t h a t  v a r i a b l e  periods of time of up t o  one week nay be 
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necessary t o  e s t a b l i s h  constancy of d i e t a r y  in t ake  acceptable t o  t h e  

subjec t  as w e l l  as t o  t h e  experimental p ro tocol .  Since only t e n  days 

were a v a i l a b l e  for  t h e  e n t i r e  p re - f l i gh t  phase, such con t ro l  vas not 

completely poss ib le .  As can be seen from Table 11, considerable day 

t o  day v a r i a t i o n  occurred p a r t i c u l a r l y  i n  t h e  first week of t h e  study. 

It was necessary t o  add or  remove items of food from t h e  d a i l y  menus 

t o  in su re  p a l a t a b i l i t y  and a c c e p t a b i l i t y  of t h e  menu. I n  add i t ion ,  

t h e  mean in t ake  of various n u t r i e n t s  was considerably i n  excess of 

t h a t  des i r ab le  from t h e  po in t  of  v i e w  of  a c o n t r o l  study comparable 

t o  t h e  pro jec ted  i n f l i g h t  phase. Calcium in t ake  was  r e l a t i v e l y  t h e  

same as t h a t  pro jec ted  f o r  t h e  i n f l i g h t  study, bu t  d i e t a r y  in takes  of 

n i t rogen ,  phosphorus, s u l f a t e ,  sodium, and potassium were considerably 

i n  excess. The pos t - f l i gh t  Dhase d i e t a r y  con t ro l  i s  q u i t e  comparable wi th  

t h e  p re - f l i gh t  phase s ince  similar foods were used. As i s  apparent,  t h e  

i n f l i g h t  i n t akes  of a l l  cons t i t uen t s  except calcium were much lower than 

during t h e  con t ro l  phases. I n  add i t ion ,  for reasons t h a t  remain obscure, 

it wzzs impossible f o r  t h e  sub jec t s  t o  consume t h e  i n f l i T h t  d i e t  
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i n  t h e  p r o g r m e d  sequence. As a r e s u l t ,  t h e r e  w a s  considerable day t o  

day va r i a t ion  i n  t h e  in takes  of a l l  nu t r i en t s .  The d i e t s  had been plan- 

ned f o r  constant d a i l y  composition, but  s ince  t h e  t h r e e  meals were eaten 

out of sequence i n  each 24-hour per iod,  t h i s  constancy w a s  not achieved. 

2. Urine co l l ec t ions .  No d i f f i c u l t i e s  were encountered i n  

obtaining reproducible  accurate  co l l ec t ions  during t h e  p re - f l i gh t  and 

pos t - f l igh t  phases. The r e l a t i v e  constancy of t h e  24-hour excret ions 

of ur inary  c r e a t i n i n e  during these  aspects  of t h e  stud.y are witness t o  

t h i s  conclusion (Table 111). I n f l i g h t ,  hovever, various problems arose.  

Due t o  mechanical d i f f i c u l t i e s  t h e  i n f l i g h t  ur ine  t r anspor t  system did  

not funct ion wholly e f f e c t i v e l y ,  and e i t h e r  va r i ab le  q u a n t i t i e s  of u r ine  

were los t  before  t h e  addi t ion  of t h e  tritium t r a c e r  for estimztion 

of t o t a l  volume of voiding or  inadequate mixing with t r a c e r  occurred. 

I n  addi t ion ,  some of t h e  s torage  bags f o r  t ransgor t  of the  ur ine  sarr.ples 

t o  t h e  ground.burst  i n  t h e  course of t h e  f l i q h t  or upon recovery, 

leading t o  f u r t h e r  loss  of ur inary  samples. Urinary c rea t in ine  excre- 

t i o n s  ca lcu la ted  on t h e  bas i s  of recovered samples were extremely 
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var i ab le  and low (Table IV). Such extreme d i f fe rences  as were noted 

between t h e  p re - f l i gh t  and t h e  i n f l i g h t  da t e  could not be accounted 

f o r  on t h e  basis of changes i n  r e n a l  funct ion,  and the re fo re  must be 

a t t r i b u t e d  t o  e i t h e r  l o s ses  of ur ine  p r i o r  t o  t h e  addi t ion  of tritium 

or t o  undiscovered errors i n  t he  tritium d i l u t i o n  technique f o r  cal-  

cu la t ion  of volume. Therefore, with due acknowledgment of t h e  

probable e r r o r ,  it w a s  decided t o  cor rec t  a l l  i n f l i g h t  ur inary  excret ion 

values on t h e  bas i s  of presumed "true" ur inary  c rea t in ine  excret ion 

(Table I V ) .  This l a t t e r  value w a s  ca lcu la ted  as t h e  mean 'of ur inary  

c rea t in ine  excre t ion  of t h e  10 p re - f l i gh t  con t ro l  days plus  t h e  4 post-  

f l i g h t  con t ro l  days f o r  each of t h e  two as t ronauts  s tudied i n  f l i g h t .  

3. Fecal  specimens. No d i f f i c u l t i e s  were encountered i n  t h e  

coll.ection of f e c a l  samples e i t h e r  p re - f l i gh t ,  i n f l i g h t ,  o r  post- 

f l i g h t .  As p a r t  of t h e  preserva t ive  technique f o r  t h e  i n f l i 5 h t  phase, 

a l i p i d  so luble  dye preserva t ive  mixture was added inmediately af ter  

passage of t h e  s t o o l .  This dye l e d  t o  false values f o r  t h e  estima- 

t i o n s  of i n f l i g h t  excret ion of s t o o l  t o t a l  l i p i d s .  



4. Sweat co l l ec t ions .  No apparent d i f f i c u l t i e s  were noted i n  t h e  

c o l l e c t i o n  and estimation of sweat lo s ses  during any of t h e  phases 

s tud ied .  

B. Measurements made. The a n a l y t i c a l  measurements made on t h e  

materials co l l ec t ed  i n  t h e  course of t h e  M-7 experiment are summarized 

i n  Table I. The a n a l y t i c a l  techniques u t i l i z e d  f o r  t hese  measurements 

form Appendix A. 

C. Analy t ica l  r e s u l t s .  

1. Observations of ur inary  volume, pE€ and s p e c i f i c  g r a v i t y  a r e  

l i s t e d  i n  Tables V - X I I I .  

2. Urinary excre t ion  of var ious  metabol i tes  are l i s t e d  i n  Table X I V  

for t h e  dry run, Tables XV - X V I I I  f o r  t h e  p re - f l i gh t  phase, Tables 

X I X  and XX f o r  t h e  i n f l i g h t  phase, and Tables XXI and X X I L  f o r  t h e  post-  

f l i g h t  s tud ie s .  

3. Analyses of t h e  f e c a l  samples f o r  t h e  dry run a r e  shown on 

Table XXIII, f o r  t h e  p re - f l i gh t  phase i n  Tables XXIV and XXV, f o r  t h e  

i n f l i g h t  phase Table X X V I ,  and f o r  t h e  pos t - f l i gh t  phase Table X X V I I .  

Since t h e  s t o o l  co l l ec t ions  f o r  as t ronaut  Love11 during t h e  i n f l i g h t  



phase ind ica ted  incomplete passage of t h e  inges t a  f o r  t h e  purpose of 

ca l cu la t ions ,  t h e  fecal. excre t ions  f o r  t h i s  subjec t  f o r  t h e  i n f l i g h t  and 

for t h e  pos t - f l i gh t  phase were combined and averaged. 

4. Analyses of t h e  ind iv idua l  foods tu f f s  u t i l i z e d  i n  t h e  yre- 

f l i g h t  and pos t - f l i gh t  d i e t s  a r e  summarized i n  Table X X V I I I .  Calcula- 

t i o n s  based on t h e s e  analyses were made from t h e  a c t u a l  weighed 

menus, which a r e  shown i n  Tables XXIX - X L I I ,  and t h e  f i n a l  f i gu res  f o r  

d i e t a r y  in takes  during t h e  pre- and pos t - f l i gh t  phases are l i s t e d  

i n  Table I T .  Analyses f o r  i n f l i g h t  food packs are l i s t e d  i n  Table XLI I I .  

Table XLIV shows analyses of i nd iv idua l  food i t e m s  which were not eaten 

i n  conjunction with t h e  t o t a l  meal pack. Meal sequence a c t u a l l y  followed 

w a s  obtained from t h e  i n f l i g h t  l og ,  Table XLV, and 24-hour food consumption 

i s  summarized i n  Table I T .  

5 .  Sweat s t u d i e s .  Sweat s t u d i e s  were c a r r i e d  out as l i s t e d  i n  

Table XLVI.  The r e s u l t s  of analyses on these  co l l ec t ions  a r e  a l s o  shown. 

6 .  On t h e  basis of t h e  analyses described above, metabolic balances 

for various elements were ca lcu la ted .  These a r e  shown i n  crude form i n  

(20) 



Tables X L I I  - L I I I ,  summarized with t h e  standard deviations and statis- 

t i c a l  comparisons i n  Tables LIV - L V I I  and demonstrated graphica l ly  i n  

Figures 1 - 7. 

7. Since t h e r e  w a s  considerable v a r i a t i o n  i n  t h e  conditions of 

t h e  study, and the re fo re  much question of t h e  v a l i d i t y  of changes 

observable among t h e  d i f f e r e n t  phases, it was des i r ab le  t o  perform 

mul t ip l e  c o r r e l a t i o n  ca l cu la t ions  f o r  t h e  var ious  parameters analyzed. 

These a r e  summarized i n  Tables L V I I I  - LX. 



DISCUSS I ON 

The p r i n c i p a l  goa l  of t hese  s tud ie s  has been t o  measure changes, i f  

any, t h a t  may have been produced by t h e  per iod of near-zero g rav i ty  i n  

space i n  t o t a l  body meta3olism r e l a t e d  t o  t h e  musculoskeletal system. 

Changes i n  excret ion of o ther  body cons t i tuents  a r e  of in te res t  insofar  

as they may demonstrate e f f e c t s  on t h e  primary t a r g e t s  systems. 

Calcium Metabolism: Since 99% of t h e  body calcium i s  i n  t h e  skele- 

t on ,  chan,ges i n  t h e  econony o f  t h i s  element r e f l e c t  s k e l e t a l  changes. 

1m.obi l izat ion by disease,  or  as an experimental s i t u a t i o n ,  r e s u l t s  i n  

increase2 bone resorp t ion  (9 )  leading t o  hypercalciur ia  and eventual  

s k e l e t a l  osteoporosis.  I n  Figure 8A, ur inary  excre t ion  of calcium i s  

p l o t t e d  against  time f o r  as t ronaut  F. B. Eo s ign i f i can t  change w a s  seen 

i n  t h e  f i r s t  seven days of space f l i g h t ,  but  a marked increase  occurred 

s t a r t i n q  a t  about t h e  eiqhth day, and pe r s i s t ed  durinp: t h e  four  days of 

observation a f t e r  f l i g h t .  Since d i e t a ry  inta,ke of c a l c i u i  was somewhat 

lower during f l i g h t  than during t h e  pre- and post-control phases, and 

s ince  f e c a l  excre t ion  of' ca lc iun  remain r e l a t i v e l y  unchanged, t h e  ne t  
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balance of calcium durinp; flight (Figure 1 A )  was significantly more nega- 

tive for this phase. 

The data for astronaut J. L. are less striking. Urinary excretion 

of calcium (Figure 8B) during control phases was much less than that seen 

with F. B.; the excretion in flight vas not significantly greater than 

pre-flight; however, the excretion during the second week was greates than 

that during the first week of flight;, and remained so during the four days 

after recove-y. Since, in this individual, too, dietary intake of cal- 

cium inflight was less than during the control phases, and since, further- 

more, fecal excretion increased during flight, there was significantly 

less positive balance of calcium during the weightless p h s e  (Figure 1B). 

Of interest is that dermal losses of calcium, listed as "sweat", Were 

low for both men in all phases and slightly higher during the relatively 

inactive post-flight recovery days. 

The variability between the two men should be emphasized; this is p3.r- 

ticularly notable in comparing them with each other and with the other two 

astronauts, E. W. and M. C. (Figzres IC and 1D) during the pre-flight con- 

trol phases. 



Map;nesium Metabolism: Approximately 5 t o  40% of s k e l e t a l  maqnesim 

i s  availa,ble f o r  turnover  r eac t ions  i .e .  , between 2 and 15 qms. (10). 

Urinary magnesium excre t ion  i s  a l s o  a funct ion of d i e t a r y  in take ,  as w e l l  

as of a ldosterone production (11). 

Urinary excre t ion  of magnesim i n  as t ronaut  F. B. i s  p l o t t e d  i n  

Figure 9A. No change occurred during t h e  first; week of space f l ie ;h t ,  bu t  

s i g n i f i c a n t l y  increased amounts of  magnesium were excreted i n  t h e  second 

week, a p a t t e r n  s i m i l a r  t o  t h a t  seen f o r  calcium excret ion.  S t a r t i n g  in- 

f l i g h t  and pers i s t inp ;  through t h e  four days ~f recovery phase, u r inary  

magnesiurr. excre t ion  f e l l  dramatical ly .  When t h e  balance d a t a  are examined 

(Figure 2 A ) ,  t h e  increased ur inary  excre t ion  of magnesium aurin% t h e  in- 

f l i g h t  phase becomes of g rea t e r  s ign i f i cance  because t h i s  w a s  seen i n  t h e  

presence of reduced d i e t a r y  intakes.  The p o s i t i v e  balance during t h e  post-  

f l i g h t  per iod r e s u l t s  from decreased ur inary  and f e c a l  excre t ion  both,  while  

d i e t a r y  in t ake  w a s  increased,  suqqest ina r e p l e t i o n  of previous losses .  

The d a t a  for as t ronaut  J .  L. (Figures 2B and 93) a r e  q u a l i t a t i v e l y  s imi la r ,  

bu t  of lesser degree. The most s i q n i f i c a n t  chance i n  maqnesiun metabolism 

demonstrated w a s  t h a t  of pos t - f l i gh t  re ten t ion .  
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The da ta  of derna l  excret ion denlonstrated t h e  r e l a t i v e  ins iqni f icance  

of t h i s  route  of loss  i n  magnesium metabolism. 

O f  i n t e r e s t  a r e  t h e  s i m i l a r i t i e s  i n  pa.tterns of excret ion of magnesium 

durinP; t h e  pre- f l igh t  cont ro l  phase i n  a l l  four  subjec ts  ( P i q r e s  211, 2B, 

2C, and 2D). 

Phosphate Metabolism: Phosphate i s  present  i n  t h e  body as t h e  pr inc i -  

pal anion i n  bone sa l t ,  as w e l l  as i n  p ro te in  and i n  so luble  forms. Urinary 

excret ion of phosphate i s  EL funct ion of d i e t a r y  in take ,  bone salt  turnover 

(45% of ur inary calcium values) ,  and of muscle metabolism (6.8% of ur inary  

ni t rogen excret ion values 1 (12) .  I n  addi t ion , carbohydrate metabolism may 

inf luence s h i f t s  of phosphate among body corn-oartments. 

The data obtained f o r  as t ronaut  F. B. (Figures 3 A  and 10A) demonstrate 

an increase i n  ur inary  phosphate over t h e  f i rs t  nine days of q a c e  f l i e h t ,  

occurrine: durinn t h e  time when d ie t a ry  phosphate was half  t h a t  of t h e  con t ro l  

values.  Thereaf ter ,  desp i te  r e l a t i v e l y  constant d i e t a ry  in take ,  u r inary  

excret ion dropped t o  cont ro l  values.  Despite decreased f e c a l  excre t icn ,  t h e  

balances became more negative during t h e  f l i g h t ,  re turn inc  t o  t h e  cont ro l  
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l e v e l s  af ter  re turn ing  t o  qround l eve l .  

Similar  r e s u l t s  were obtained f o r  as t ronaut  J. L. (Figures 3R and 10s). 

Sul fa t e  Metabolism: Urinary s u l f a t e  i s  derived Drirnarily from p r o t e i 2  

catabolism (approximately 7% of ur inary  n i t rogen)  (12). Fecal  s u l f a t e  i s  

usua l ly  constant over a wide range of in take  values.  

The s u l f a t e  excret ion da ta  f o r  as t ronaut  F. B. (Figures bA and 1l.A)' 

show a s l i g h t  f a l l  i n  t h s  ur inary  excret ion during t h e  space f l i g h t ,  and 

with a rise t o  s l i g h t l y  above cont ro l  values during t h e  pos t - f l igh t  per iod.  

Since t h e  curtai lment  of d i e t a ry  in take  i n f l i g h t  was marker!, these  changes 

i n  excre t ion  r e s u l t e d  i n  negat ive balance during f l i g h t ,  and re turned t o  

con t ro l  balance l e v e l s  pos t - f l igh t .  

S imi la r  da t a  were obtained f o r  as t ronaut  J. L. (Fisures  4 3  and 11B). 

Nitro.qen bIetabolism: Fecal n i t ro sen  i s  r e l a t i v e l y  constant over wide 

ranGe of d i e t a r y  in takes  i n  any individual .  Urinary nit rogen r e f l e c t s  

d i e t a r y  in take  and pro te in  metabolism. 

I n  both as t ronauts  F. B. and J. L. (Figures 12A and 12R) u r i n w y  n i t ro -  

gen f e l l  durinr; f l i E h t  and returned t o  p re - f l i sh t  values durinq the  post- 
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f l i g h t  phase. 

Dietary ni t rogen was s i g n i f i c a n t l y  less during t h e  f l i g h t  with t h e  

r e s u l t  t h a t  ni t rogen balance became negative 2ur ins  t h i s  phase (Figures 5A 

and 5s). 

Sodium Metabolism: Urinary sodium is a. funct ion of d i e t a ry  in take ,  

of a ldosterone a c t i v i t y ,  and of glucocort icoid secre t ion .  Res t r i c t ion  of 

in take  produces secondary hyperaldosteronisn with reduction of ur inary 

sodium excret ion,  Fecal l o s ses  of s o d i m  usua l ly  are small and r e l a t i v e l y  

constant.  

The two as t ronauts  s tud ied  showed d i f f e r e n t  pa t t e rns .  I n  F. B. 

(Figures 64. and 13.4), despi te  t h e  decrease i n  d i e t a ry  sodium, t h e r e  w a s  an 

increased n a t r i u r e s i s  during t h e  f irst  week of f l i g h t ,  r e tu rn  t o  con t ro l  

values durinq t h e  second veek, end s i g n i f i c a n t  re ten t ion  i n  t h e  early post-  

f l i g h t  period. 

Conversely, J. L. (Figures 63 and 133) deponstrated no chances i n  

sodium excre t ion  durinz t h e  f i r s t  p a r t  of t h e  space f l i g h t ,  a s l i q h t  in- 

c rease  t h e r e a f t e r ,  and then marked ret .entlon pos t - f l igh t .  

Correlat ion of these  observations with measurements of urina,ry 
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11-hydroxycorticosteroids and aldosterone may shed some l i g h t  on t h e  

mechanism. These observations must be taken i n t o  account i n  explanation 

of chanP;es i n  u r ina ry  calcium s ince  a co r re l a t ionsh ip  between ur inary  calcium 

and u r ina ry  n i t roqen  has been demonstrated. 

Potassium Metabolism: Urinary excre t ion  of potassium r e f l e c t s  pro- 

t e i n  metabolism, aldosterone sec re t ion ,  and g lucocor t ico id  ac t ion .  The 

v a r i a b i l i t y  i n  response seen with F. B. and J. L. may be due t o  v a r i a t i o n s  

i n  endocrine responses. 

F. B. (Figures 7A and 14A) shoved an i n i t r a l  decrease i n  ur inary  

potassium as a r e s u l t  of space f l i g h t  i n  t h e  presence of  a marked decrease 

i n  d i e t a r y  potassium. During t h e  second week ur inary  potassium rose  (vhich 

co r re l a t ed  with t h e  simultaneous decrease i n  ur inary  sodium). Immediately 

pos t - f l igh t  potassium excre t ion  f e l l  t o  p re - f l i gh t  values as t h e  d i e t a r y  

in t ake  w a s  increased. 

J. L. (Figures 7B and 14B) shoved only a s l i g h t  f a l l  i n  ur inary  potas- 

sium i n  t h e  f irst  week of f l i g h t  desp i t e  t h e  marked r e s t r i c t i o n  i n  intake.  

During t h e  second veek t h e  excre t ion  f e l l  f u r t h e r  and then rose  t o  Dre- 

f l i g h t  values during t h e  recovery phase. 
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Chloride T4etabolism: - Chloride metabol.ism i s  cont ro l led  primadrily by 

renal excre t ion ,  following, pass ive ly ,  t h e  excre t ion  of ca t ions .  Since 

sodium forms t h e  l a r g e s t  proportion of r e n a l  ca t ion ,  con t ro l  of ch lor ide  

depends c h i e f l y  on t h e  con t ro l  of sodium. 

J. L. (Figure 153) showed a p a t t e r n  of ch lor ide  excretfon p a r a l l e l  t o  

t h a t  of sodium excretion. 

F. B., on t h e  o ther  hand, (Figure 15A), excreted ch lor ide  i n  p a r a l l e l  

with potassium. The reason f o r  t h i s  discregancy is not apparent. 

Balances of ch lo r ide  were not ca l cu la t ed  because of t ec3n ica l  d i f f i -  

cu l t ies  i n  measurement of d i e t a r y  ch lor ide .  

Sweat Losses: Sweat was a s i g n i f i c a n t  rou te  of loss only for sodium, 

p o t a s s i m ,  and ch lor ide  i n  these  s tud ie s .  Sweat losses of calcium, map,- 

nesium, s u l f a t e ,  phosphate, and n i t roqen  were l o w  and i n s i m i t i c a n t  i n  t h e  

ca l cu la t ions  of balances. 



SmaQMY AND COWCLUSIOMS 

1. An attempt w a s  made t o  perform complete metabolic balance s tud ie s  

of two as t ronauts  during t e n  days pre- f l igh t  con t ro l  phase, fourteen days of 

space f l i g h t ,  and four  days of pos t - f l igh t  recovery phase, neasuring in t ake  

and excre t ion  of calcium, magnesium, phosphahe, sulphate ,  ni t rogen,  sodium, 

potassium, and. chlor ide.  

2. Problems of engineering and experimental design prevented optimal 

performance during t h e  i n f l i g h t  nhase, r e s u l t i n g  i n  va r i a t ions  i n  d i e t a r y  

cont ro l  and losses of u r ine  samples. 

3. Considerable inter-individua,l  v a r i a b i l i t y  vas dezonstrated,  as 

would be expected, i n  a l l  experimental parameters rceasured. 

4. I n  one sub jec t ,  s i g n i f i c a n t  increases  i n  ur inary calcium occur- 

red  during t h e  second week of  f l i g h t  and p e r s i s t e d  during t h e  recovery 

phase. 

5 .  Sign i f i can t  l o s ses  of phosphate were found i n f l i g h t  f o r  both sub- 

j e c t s  with rap id  recovery pos t - f l igh t .  

6.  Lit . t le  change i n  ni t rogen metabolism w a s  noted i n  e i t h e r  subjec t .  

(30) 



7. Pa t te rns  of  excret ion of sodium, potassium and ch lor ide  were 

d i f f e r e n t  f o r  each subjec t  and were suggestive of changes i n  adrenal  cor- 

t i c o s t e r o i d  production. 

8. Sweat l o s ses  of calcium, magnesium, s u l f a t e ,  ni t rogen,  phosDhate 

were i n s i g n i f i c a n t  during a l l  t h r e e  phases. 

9. I n  order t o  a r r i v e  a t  genera l iza t ions  concerning t h e  e f f e c t s  of 

space f l i g h t  on bone and muscle metabolism, more s tud ie s  w i l l  have t o  be 

c a r r i e d  out i n  more subjec ts  t o  account f o r  ind iv idua l  v a r i a b i l i t y ,  and 

under b e t t e r  cont ro l  of di.etary in take  and co l l ec t ion  of excreta .  



APPENDIX 

A. Analy t ica l  Procedures. 

1, Routine Urine Analysis. 

a. .Volume. Pre- f l igh t  u r ine  volumes were measured using a grad- 

ua t e  cy l inder  c a l i b r a t e d  t o  5 m l .  and est imat ing volumes t o  t h e  neares t  

2 rnl. 

b, Spec i f i c  g rav i ty  of t h e  pre- and pos t - f l i gh t  samples w a s  

measured by a s tandard hydrometer c a l i b r a t e d  f o r  ur ine  s p e c i f i c  g rav i ty  

a t  room temperature. 

C. pH. pH of pre- and pos t - f l igh t  u r ine  samples was measured 

using s tandard pHydrion paper es t imat ing values t o  t h e ’ n e a r e s t  0.5 pH 

un i t s .  

d. Urine volume of t h e  i n f l i g h t  samples was measured by t h e  

technique of tritium di lu t ion .  A preca l ib ra t ed  volume of tritium was in- 

j ec t ed  v i a  t h e  u r ine  t r anspor t  system i n t o  t h e  path of voiding and washed 

i n t o  t h e  co l l ec t ion  bag by t h e  stream of u r ine ,  The ur ine  and t r i t i a t e d  

water t r a c e r  were mixed manually i n  t h e  c o l l e c t i o n  bag, and an a l iquo t  

(32) 



expressed i n t o  t h e  sampling bag. For ana lys i s ,  dupl ica te  samples of 0.5 m l .  

of  t h e  u r ine  were taken,  using a c a l i b r a t e d  p i p e t  and added t o  10 m l .  of 

Bray's so lu t ion  i n  a l i q u i d  s c i n t i l l a t i o n  counting v i a l .  The samples were 

then counted i n  a Packard Instrument Company Liquid S c i n t i l l a t i o n  Spectro- 

meter Model No. 3002 with a counting energy window of 50-1000 and a gain 

of 62.4. Subsequently, 10 m i c r o l i t e r s  of t h e  o r i g i n a l  t r i t i a t ed  water so- 

l u t i o n  were added with a ca l ib ra t ed  p ipe t  t o  each of t h e  samples and they 

were again counted. The a c t u a l  counts obtained f o r  each of t h e  samples re- 

covered are l i s t e d  i n  Table LXI. Volumes of tritium i n j e c t e d  by t h e  ur ine  

t r anspor t  system were obtained from t h e  Arde Incorporated Company who pre- 

pared t h e  i n i t i a l  s e l e c t o r  valve used. The values  were 0.3102 m l .  f o r  t h e  

device used by Borman and 0.2929 n i l .  f o r  t he  device used by Lovell. For t h e  

determination of t h e  volume of u r ine  measured by t h i s  device,  t h e  following 

formula w a s  used: V = K x Cu+s - Cu, where V = unknown volume t o  be u U 
Cu - B 

measured; C = counts pe r  minute of  t h e  u r ine  a l iquo t  i- t h e  added s tandard;  u + s  

= couiits per  minute of t h e  ur ine  a l iquo t  alone; B = background count. K cu 

w a s  15.9589 f o r  Borman and 15.0689 f o r  Lovell. The values obtained by t h i s  

(33) 



calculat ion a re  l i s t e d  i n  Table L X I I ,  and are compared with volumes mea- 

sured by an on-board flow meter. The cor re la t ion  coef f ic ien t  f o r  t h e  two 

methods of ur ine volume measurement was 0.35. The difference between t h e  

two methods w a s  s ign i f i can t  t o  0.1. 

e. Specif ic  Gravity of I n f l i g h t  Samples, Because t h e  recovered 

volumes of many of t h e  samples were extremely low, hydrometry could not be 

used f o r  measurement of spec i f i c  gravi ty .  This w a s  estimated using a re- 

fractometer (Anerican Optical  Company, Goldberg TS-?4eter), 

f. pH of I n f l i g h t  Samples, This was not determined because t h e  

sample bags used f o r  t h e  i n f l i g h t  ur ine samples had been pre t rea ted  with 

benzoic acid as a preservative.  This would be expected t o  a f f ec t  t h e  pH. 

g .  Preparation of S tool  Samples for Analysis. Stool  samples 

were combined i n t o  pools representing co l lec t ion  periods separated by t h e  

oral administration of nonabsorbable dyes, a l te rna t ing  t h e  administration 

of Carmine Red and B r i l l i a n t  Blue, The combined f e c a l  samples for each pe- 

r iod  were homogenized with a carefu l ly  weighed amount of doubly d i s t i l l e d  

water with a Lourdes Homogenizer Model W. The suspended mater ia l  was then 

lyophilized i n  a V i r T i s  freeze-drying apparatus Model No. 10-145 t o  a d r y  

( 31.1 1 



powder. The t o t a l  weight of t h i s  powder w a s  then recorded. Aliquots were 

e i t h e r  analyzed d i r e c t l y ,  o r  ashed by an appropr ia te  procedure as requi red  

for  t h e  ind iv idua l  a n a l y t i c a l  techniques. 

h. Preparation of D i e t  Samples f o r  Analyses. S o l i d  foods were 

homogenized with volumes of water and lyophi l ized  i n  t h e  manner described 

for  s t o o l  samples. Liquid foods were lyoph i l i zed  d i r e c t l y  o r  analyzed di-  

r e c t l y  as appropr ia te  t o  t h e  a n a l y t i c a l  procedure. 

i. Preparation of Sweat Samples f o r  Analyses. The so-called 

sweat samples a c t u a l l y  cons i s t  of e x t r a c t s  of underwear and sk in  washings 

and thus  represent  t o t a l  dermal lo s ses .  The volume received w a s  approxi- 

mately 5 l i t e r s  for each study. 

berg Heavy Duty Convection Oven a t  a temperature of 60° C. 

This was evcporated t o  1 l i t e r  i n  a Lind- 

The evaporated 

material was made t o  a f i n a l  volume of 1 l i t e r  p r i o r  t o  a c t u a l  ana lys i s .  

3 .  Determination of Calcium. Calcium w a s  measured i n  a l l  of’ t h e  

samples by t h e  unpublished proce6ure of Lutwak and Belkin, an automatic 

atomic absorption spectrophometric technique. 

were submitted t o  dry heat ashing a t  booo C. f o r  6 hours. 

Samples of s t o o l  and d i e t  

The r e s u l t i n g  

( 3 5 )  



white ash was dissolved in 10% HC1 and diluted to an appropriate volume. 

Aliquots of the diluted ash, or of filtered acidified urine were placed 

into an AutoAnalyzer Sampler module. Aliquots of the samples were ad- 

mixed with 1% lanthanum chloride solution in an AutoAnalyzer pumping mod- 

ule and pumped directly into a Perkin Elmer Model 303 atomic absorption 

spectrophotometer with acetylene gas pressure at 8 psi and air pressure 

at 30 psi. Readings were carried out using a calcium lamp at 4240A. 

k. Determination of Magnesium. Magnesium was measured by the 

unpublished procedure of Lutwek and Belkin using an automatic atomic ab- 

sorption spectrophotometric technique. Samples were prepared for analysis 

as described for calcium and were analyzed in a fashion similar to the 

method used for calcium, but with a magnesium lamp and the spectrophotometer 

set at 208511. 

1. Determination of Sodium. Solutions of dry ash samples of 

s too l  and diet and diluted samples of urine were analyzed for  sodium by ap- 

propriate dilution with 1% Flaminox Solution and estimation in a Coleman 

Model 21 flame photometer. 



m. Determination of Potassium. Potassium w a s  determined i n  so- 

l u t i o n s  of  ashed d i e t  and feces  and i n  d i l u t e d  u r i n e  samples by d i l u t i o n  

with 1% Flaminox Solu t ion  and estimation i n  a Coleman Model 21 Flame Piio- 

t omet er . 
n. Phosphate Analysis. To ta l  inorganic phosphate w a s  determined 

i n  so lu t ions  of dry ashed feces  and d i e t ,  and d i r e c t l y  i n  u r i n e  by t h e  

AutoAnalyzer modification of t h e  Fiske-Subba Row Procedure. Appropriate 

a l i q u o t s  of t h e  so lu t ions  were d i l u t e d  with 0.5 N hydrochloric ac id  and d i -  

alyzed aga ins t  a so lu t ion  of minonaphthol su l fon ic  acid.  Tke d i a l y s a t e  

w a s  mixed with a so lu t ion  of ammonium molybdate i n  s u l f u r i c  a c i d  and the  re- 

s u l t i n g  co lo r  measured a t  660 v. 

0. Determination of Su l f a t e .  To ta l  s u l f u r  was determined by t h e  

procedure of Roe, Miller, and Lutwak (13) which i s  based on t h e  p r e c i p i t a t i o n  

of s u l f a t e  with a standard amount of barium and determination of excess bar- 

ium by atomic absorption spectrophotometry. Sol id  samples were oxidized i n  

a Schgniger Flask and l i q u i d  samples by Benedict ' s  Method u t i l i z i n g  copper 

n i t r a t e ,  and potassium chlora te .  The oxidized samples containing t h e  s u l f u r  

(37) 



i n  t h e  form of sulfate  were t r e a t e d  with 15% barium chlor ide  and 5% lanthanum 

chlor ide  so lu t ions .  A f t e r  cen t r i fkga t ion ,  supernatants  were discarded and 

t h e  p r e c i p i t a t e s  of barium s u l f a t e  washed, t h e  f i n a l  p r e c i p i t a t e s  were d is -  

solved i n  di-sodium EDTA so lu t ion  and a sp i r a t ed  i n t o  t h e  flame of t h e  atomic 

absorpt ion spectrophotometer, The t o t a l  barium concentrat ion w a s  measured with 

a barium hollow cathode tube operated a t  18 m a  with t h e  wave lamp set a t  5500A. 

A i r  p ressure  w a s  maintained at  30.0 psi  a t  a flow rate of 7.5 liters per  min- 

u t e  . 
p. Determination of Chloride. Chloride w a s  estimated i n  so lu t ions  

of ash s t o o l  and d i e t  dissolved i n  d i l u t e  n i t r i c  ac id  and i n  u r ine  samples by 

means of a Buchler-Cotlove Chloridometer. 

q. Determination of Tota l  Nitrogen. Tota l  ni t rogen w a s  determined 

on appropriate  so lu t ions  by means of  t h e  AutoAnalyzer t o t a l  ni t rogen procedure. 

Urine samples w e r e  analyzed d i r e c t l y ,  Samples of  foods and of feces  were pre- 

p a r e d - f o r  ana lys i s  by prel iminary so lub i l i za t ion .  Accurately weighed a l iquo t s  

of t h e  d r i ed  powders were mixed with concentrated s u l f u r i c  ac id  m d  digested 

f o r  2 hours t o  provide a c l e a r  so lu t ion .  The so lu t ion  was then  d i l u t e d  t o  a 

(38) 



f i n a l  concentration of between 2 and 20 milligrams percent of t o t a l  nitrogen. 

The so lu t ions  were a sp i r a t ed  i n t o  t h e  apparatus,  mixed with a d iges t an t  con- 

s i s t i n g  of selenium oxide i n  concentrated s u l f u r i c  ac id ,  heated i n  t h e  flow 

d iges to r ,  d i l u t e d  with water, and t h e  concentration of ammonium s u l f a t e  de te r -  

mined by r e a c t i o n  with sodium phenate and sodium hypochlorite. The r e s u l t i n g  

co lo r  w a s  measured a t  630 mu. 

r. Determination of Creatinine.  Creatinine w a s  measured i n  a l l  of 

t h e  u r ine  samples by t h e  AutoAnalyzer modification of t h e  Jaffe reac t ion .  

The u r i n e  sample was mixed with s o d i m  ch lo r ide  so lu t ion  and dialyzed aga ins t  

s a l i n e .  A d i a l y s a t e  w a s  then  mixed with p i c r i c  a c i d  and sodium hydroxide 

and t h e  f i n a l  co lo r  product measured 505 mu. 



TABLE I 

ANALYSES PERFORhED 
. -  

Am ALY SES MATERIALx 

Volume U 

Specific Gravity U 

METHOD 

a) Routine, pre- and post-flight 
b) T20 dilution, inflight 

a) Routine, pre- and post-flight 
b) Refractometry, inflight 

PH U Routine, pre- and post-flight 

Creatinine U Autoanalyzer colorimetry 

Calcium UYF YD YS Autoanalyzer Atomic Absorption 

Magnesium 

Sodium 

Potassium 

Phosphate 

Sulfate 

Chloride 

Nitrogen 

Fat 

Autoanalyzer Atomic Absorption 

Flame Photometry 

Flame Photometry 

Autoanalyzer colorimetry 

Atomic Absorption 

Coulometry 

Autoanalyzer 

Wistreich Extraction 

----- ___- 
*U= Urine; F= Feces; D= Diet; S= Sweat 
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T-12 

T-11 

T-10 

T-9 

T-8 

T- 7 

"-6 

T- 5 

T- 4 

T- 3 

Mean 

s.d. 

TABLE I11 

24-HOUR URINARY CREATINIHE EXCRETIONS 

PRE-FLIGHT PHASE 

F.B. J.L. E.W. 

(Gm. (Gm. (Gm. f 

2.2782 

2.2490 

2.1899 

2.4357 

2.2773 

2.2995 

2.4166 

2.3623 

2.2525 

2.0890 

2.2850 

.0980 

1.7693 

1.8499 

2.0545 

2.2465 

2.1299 

2.1831 

2.4570 

2.2022 

2.1980 

2.4046 

2.1495 

.2047 

2.6570 

2.6332 

2 5772 

2.8481 

3. GO74 

2 7599 

3 0574 

2.9920 

2.9212 

2.9567 

2.8410 

.I642 

M.C. 

(Gm.1 

2.2216 

2.1940 

2.3300 

2.4253 

2.7678 

2.3635 

2.6948 

2.14111 

2.2209 

2.3617 

2.3724 

0.1985 



Day 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

Mean 

s .d. 

TABLE IV 

INFLIGHT 24-HOUR URINARY CREATININE EXCRETIONS 

F.B." 

(Gm. 

1.6760 

1.4721 

1.3216 

1.5834 

1.4232 

1.4949 

2.1146 

1.4196 

1.4415 

1.7532 

I. 9849 

2.0556 

1.6650 

1.2022 

1.6148 

0.2677 

+ 
J .L.  

(Gm. 1 

1.1980 

1.4744 

---- 
1.6672 

2.1074 

1.7365 

1.7632 

2.0850 

1.8489 

2.0317 

1.5812 

1.6242 

1.2397 

1.891r4 

1.7545 

0.2479 

----. -- * - Mean of pre- and post-flight: 

+ - Mean of pre- and post-flight: 

2.3968 

2.1963 



TABLE V - PRE-FLIGHT URINE SAMPLES 
DRY RUN 

Subject/No. 

O t t  1 
2 
3 
4 

5 
6 
7 
8 

9 
10 
11 
12 

Rice 1 
2 
3 
4 
5 

6 
? 
8 
9 
10 

11 
12 
13 
14 

Date Time Volume 

11-16-65 1315 330 ml. 
11-16 
11-16 
11-17 

11-17 
11-17 
11- 17 
11-18 

11-18 
11-18 
11-18 
11-19 

11-16 
11-16 
11.-16 
11-17 
11-17 

11-17 
11-11 
11-17 
11-17 
11-18 

11-18 
11-18 
11-18 
11-19 

1600 210 
2030 270 
0700 420 

1425 370 
1845 220 
2140 272 
0640 598 

2.207 325 
1622 237 
2230 310 
0758 470 

1310 390 
1530 145 
1915 295 
0430 840 
0630 277 

1105 330 
1520 255 
1920 254 
2300 215 
0610 690 

1820 385 

0809 755 

1120 297 

2230 280 

Sp.Grav. pH 

1.0235 
1.022 
1.028 
1.026 

1.026 
1.027 
1.0225 
1.012 

1.0125 
1.023 
1.028 
1.020 

1.014 
1.0185 
1.0165 
1.016 
1.508 

1.014 

1. 019 
1.0175 
1.011 

1.016 
1.020 
1.020 
1.014 

1.0185 

6.5 
6.5 
6.5 
6.5 

6.5 
6.0 
6.5 
6.0 

6.5 
6.0 
6.0 
6.5 

6.5 
6.5 
6.0 
5.5 
6.5 

7.0 
6.5 
6.5 
6.5 
6.5 

6.5 
6.5 
6.5 
6.0 

24-Hr.Vo1. 

1230 nl. 

1460 

1342 

1947 

1744 

1717 



TABLE VI - PRE-FLIGHT URINE SAMPLES 

F.B. (a) 

1 
2 
3 
4 
5 
6 

7 
8 
9 
10 
11 
12 

13 
14 
15 
16 
17 
18 
19 

20 
21 
22 
23 
24 
25 
26 
27 

28 
29 
30 
31 
32 
33 
34 
35 

11-22- 6 5 
11-22 
11-22 
11-22 
11-22 
11-23 

11-23 
11-23 
11-23 
11-23 
11-24 
11-24 

11-24 
11-24 
11-24 
11-24 
11-24 
11-25 
11-25 

11-25 
11-25 

11-25 
11-25 

11-25 
11-25 
11-25 
11-26 

11-26 
11-26 
11-26 
11-26 
11-26 
11-26 
11-26 
11-27 

0920 
1230 

2030 
2320 
0700 

1125 
1400 
1645 
2200 
0450 
0640 

094 5 
1315 
1615 
1730 
2315 
0330 

1600 

0650 

0930 
1145 
1500 
1600 
1715 
2110 
2300 
0610 

0940 
1200 
1400 
1500 
1615 
2000 
2300 
0630 

99 ml. 
750 
785 
480 
462 
515 

57 5 
812 
668 
572 
665 
122 

225 
356 
880 
325 
80 5 
235 
187 

260 
279 
478 
612 
450 
515 
420 
480 

342 
400 
405 
655 
340 
300 
510 
485 

1.022 
1.005 
1 006 
1.011 
1.508 
1.012 

1.0085 
1.005 
1.006 
1.012 
1.010 
1.017 

1.013 
1.011 
1.0055 

1.010 
1.020 

1.009 

1.019 

1.011 
1.0105 
1.009 
1.0025 
1.003 
1.010 
1.006 
1.014 

1.010 
1.008 
1.006 

1.006 
1.003 

1.015 
1.009 
1.0145 

6.5 
7.0 
6.0 
5.5 
5.5 
6.0 

6*5 
6.5 
6.5 
6.0 
6.5 
6.5 

6.8 
6.8 
7.0 
7.0 
6.8 
6.0 
6.0 

5.5 
6.8 
6.0 
6.5 
6.8 
5.5 
6.0 
5.5 

6.5 
7.0 
6.3 
6.8 
6.8 
6.3 
6.5 
6.0 

3091 m l .  

3414 

3013 

3494 

3437 



TABLE V I  - PRE-FLIGHT URINE SMFLES 

F.B. (b) 

36 
37 
30 
39 
40 
41 
42 

43 
44 
45 
46 
47 
48 
49 

50 
51 
52 
53 
54 
55 
56 

57 
58 
59 
60 
61 
62 
63 
64 

65 
66 
67 
68 
69 
70 
71 

11.-27-65 
11-27 
11-27 
11-27 
11-27 
11-27 
11-28 

11-28 
11-28 
11-28 
11-28 
11-28 
11-28 
11-29 

11-29 
11-29 

11-29 

11-29 
11-29 

11-29 
11-30 

11-30 
11-30 
11-30 
11-30 
11- 30 
11-30 
12-01 
12-01 

12- 01 
12-01 
12-01 
12-01 
12-01 
12-01 
12-02 

0900 
1000 
1220 
1610 
1800 

0600 

0945 
1030 
1200 
1610 
2020 
2345 
0630 

1205 

2330 

1030 

1340 
1645 
2030 
2300 
0630 

1045 
1310 
1710 
2000 
2100 
2300 
0300 
0645 

1200 
1400 
1600 
1900 
2100 
2230 
0620 

360 
350 
630 
91 5 
303 
380 
325 

167’ 
370 
37 3 
590 
410 
650 
332 

463 
257 
232 
880 
344 
340 
440 

565 
380 
672 
194 
273 
188 
455 
184 

655 
288 
685 
240 
720 
257 
390 

1.010 
1.005 
1.006 
1.007 
1.010 
1.0185 
1.021 

1.0185 

1.005 
1.003 

I. 011 
1.014 
1.007 
1.017 

1.0105 
1.0085 
1.009 
1.006 
1.014 
1.0135 
1.016 

1.010 
1.008 
1.009 
1.017 
1.006 
1.014 
1.011 
1.021 

1.011 
1.0095 
1.005 
1.015 
1.0045 
1.007 
1.013 

6.0 
7.0 
7.0 
7.0 
6.8 
6.3 
6.3 

3263 

2892 

2956 

2911 

3235 



, 

TABLE VI1 - PRE-FLIGHT URINE SAMPLES 
J.L. (a) 

No. D a t e  Time --I_-.----- V o l u m e  SJ. ~ Grav. ---- & ----___.-- 24-Hr. V o l .  

1 
2 
3 
4 

5 
6 
7 a 
9 
10 
11 
12 

13 
14 
15 
16 
17 

18 
19 
20 
21 
22 

23 
24 
25 

27 
28 

26 

11-22- 65 
11-22 
11-22 
11-23 

11-23 
11-23 
11-23 
11-24 

11-24 

11-24 
11-24 

11-25 

11-25 
11-25 
11-25 
11-25 
11-26 

11-26 
11-26 
11-26 
11-26 
11-27 

11-27 
11-27 
11-27 
11-27 
11-27 
11-28 

1300 

2345 
0700 

1300 
1730 
2245 
0635 

7200 

0700 

0945 

1700 

1730 
2315 

1330 
1830 
2330 
0730 

1200 
1400 
1630 
2345 
0630 

1015 
1200 
1520 
1800 
2330 
0630 

275 ml. 
210 
355 
445 

418 
535 
429 
530 

292 
417 
279 
342 

157 

240 
19 5 
368 

270 
223 
49 5 
350 
270 

540 
265 
480 
188 
267 
333 

318 

1.023 
1.022 
1.023 
I. 0135 

1.017 
1.012 
1.016 
1.013 

1.019 
1.019 
1.022 
1.023 

1.022 
1.011 
1.027 
1.025 
1.024 

1.020 
1.010 
1.0075 
1.024 
1.026 

1.009 
1.009 
1.0105 
1.019 
1.023 
1.023 

6- 5 
6.0 
6- 5 
5.5 

5.5 
5.5 
6.5 
6.0 

6.3 
6.5 
6.5 
6.0 

6.3 
6.0 
5.5 
6.0 
6.5 

6.0 
5.5 
6.5 
6.3 
5.5 

6.0 
6.2 
6.9 

6.7 
5.5 

7.0 

1285 ml. 

1912 

1330 

1278 

1608 

2073 



TABLE VI1 - PRE-FLIGHT URINE SAYPLES 

3 . L .  (b) 

29 
30 
31 
32 
33 
34 

35 
36 
37 
38 
39 
40 

4 1  
42 
43 
44 
45 

46 
47 
48 
49 

11-28-65 
11-28 
11-28 
11-28 
11-28 
11-29 

11-29 
11-29 
11-29 
11-29 
11-29 
11- 30 

11-30 
11-30 
11- 30 
11-30 
12-01 

12-01 
12-01 
12-01 
12-02 

1000 
1300 
1600 
2030 
2345 
0715 

1045 
1340 
1700 
2030 
2200 
0630 

1115 
1645 
2000 
2230 
0645 

1205 
1600 
2300 
0730 

120 m l .  
130 
248 
152 

385 

423 
258 
568 
247 
140 
325 

160 

345 
540 
190 
187 
475 

355 
265 
325 
265 

1.026 
1.026 

1.028 
1.029 
1.020 

1.009 
1.0145 
1.008 
1.0175 
1.021 
1.023 

1.024 

1.018 
1.013 
1.020 
1.0225 
1.0175 

I. 020 
1.021 
1.026 
1.026 

5.5 
5.5 
6.7 
6.5 
6.5 
6.8 

6.3 
5.5 
6.5 
6.0 
6.3 
5.8 

6.4 
6.4 
5.5 
6.8 
6.2 

6.0 
6.6 
5.5 
5 -9 

1195 m l .  

1961 

17 37 

1210 



TABLE VI11 - PRE-FLIGHT URINE SAWLES 

No 

1 
2 
3 
4 

5 
6 
7 
8 

9 
10 
11 
12 
1 3  

1 4  
15 

17 

- 

16 

18 

19 
20 
21  
22 
23 

24 
25 

27 
26 

28 
29 
30 
31 
32 

Date Time 

11-22- 6 5 
11-22 
11-22 
11-23 

11-23 
11-23 
11-23 
11-24 

11-24 
11-24 
11-24 
11-24 
11-25 

11-25 
11-25 
11-25 
11-25 
11-26 

11-26 
11-26 
11-26 
11-26 
11-27 

11-27 
11-27 
11-27 
11-28 

11-28 
11-28 
11-28 
11-28 
11-29 

1345 
1735 
2345 
0715 

1105 
1705 
2220 
0700 

1150 
1750 
2120 
2320 
0635 

1150 
1500 
1720 
2325 
0615 

0930 
1400 
1730 
2335 
0715 

1230 
1500 
2215 
0610 

1640 
2025 

1300 

2330 
0710 

Volume 

378 m l .  
310 
348 
483 

348 
486 

830 

385 
57 5 
445 
295 
838 

27 5 
400 
590 
440 
428 

335 
690 
162 
390 
425 

538 
825 
42 5 
410 

325 
165 
277 
538 
640 

--L- - 

362 

S p . . G r a v . . P H - -  24-Hr. ---- Vol 

1.015 6.8 
1.021 6.6 
1.024 6.0 
1.016 6.3 

1.018 6.5 
1.023 6.5 
1.011 6.3 

1.016 5.5 
1.016 6.3 
1.012 6.0 
1.014 6.5 
1.010 6.2 

1.020 6.3 
1.010 5.5 
1.005 6.5 
1.021 6.3 
1.020 5.0 

1.014 6.0 
1.009 6.8 
I. 022 6.3 
1.024 6.5 

1519 m l .  
I. 012 6.8 

2026 

2538 

2133 

1.021 6.5 

1.014 6.3 
1.006 6.4 
1.0175 6.3 
1.0235 6.5 

1.0235 6.0 
1.0275 6.0 
1.022 6.0 

2002 

2198 

1.011 6.0 
1.016 6.4 

194 5 



TABLE vrIr - PRE-FLIGHT URINE SAMPLES 

PH _-_.__ 24-Hr. -__ Vol. No. Date Time Volume Sp. Grav. 

33 
34 
35 
36 
37 

38 
39 
40 
41  

42 
43 
44 

11-29- 65 
11-29 
11-29 
11-29 
11-30 

11-30 
11-30 
11-30 
12-01 

12-01 
12-01 
12-02 

1200 
1530 
1745 
2325 
0605 

1230 
1630 
2220 
0740 

1700 
2300 
0615 

697 m l .  1.011 

203 1.016 
392 1.013 

585 1.017 
650 1.014 

292 1.021 
205 1.025 
405 1.025 
555 1.018 

455 1.025 
520 1.021 
655 1.0125 

6.0 
6.0 
6.0 
6.3 
6.0 

5.5 
6.0 
6.0 
5.5 

6.0 
5.5 
6.8 

2527 

1457 

1630 



TABLE I X  - PRE-FLIGHT URINE SAMPLES 

M.C. (a) 

Time -- No. Date 

1 
2 
3 
4 

5 
6 
7 
8 

9 
10 
11 
12 

13 
1 4  
15 
16 

17 
18 
19 
20 
21 

22 
23 
24 
25 

26 

28 
27 

29 
30 
31 

11- 22- 6 5 
11-22 
11-22 
11-23 

11-23 
11-23 
11-23 
11-24 

11-24 
11-24 
11-24 
11-25 

11- 2 5 
11-25 
11-25 
11-26 

11-26 
11- 26 
11-26 
11-26 
11-27 

11-27 
11-27 
11-27 
11-28 

11-28 
11-28 
11-28 
11-28 
11-28 
11-29 

1330 
1730 
2200 
0700 

1130 
1710 
2300 
0700 

0930 
1730 
2100 
0745 

1000 
1800 
2130 
0600 

1100 
1345 
1800 
2015 
0600 

1200 
1615 
2215 
0600 

0915 
1200 
1640 
201 5 
2330 
0710 

K Sp. Grav. p 24-Hr. Vol. -I_.- Volume 

255 m l .  1.025 
284 
215 
350 

210 
274 
323 
338 

270 

288 
410 

190 
4 60 
310 

360 

365 

478 
402 
285 
320 
347 

710 
320 
430 
280 

180 
170 
252 
233 
235 
370 

1.023 
1.025 
1.030 

1.024 

1.025 
1.0265 

1.025 

1.022 
1.0215 

1.024 

1.015 

1.0245 
1.024 

1.014 
1.010 
1.019 
1.025 
1.026 

1.011 
1.019 
1.022 
1.028 

1.022 
1.017 
1.026 
1.024 
1.022 
1.025 

1.025 

1.016 

6.0 
6.0 
6.0 
6.5 

5.5 
6.5 
6.0 
6.0 

6.3 
7.5 
6.0 
6.0 

7.0 
6.0 
6 - 5  
5.5 

6.1 
6.3 
6.6 
6.5 
6.8 

6.0 

6.0 

1104 m l .  

1145 

1328 

1325 

1832 

7.0 

6.8 
1740 

5.0 
6.0 
6.0 
6.0 
6.0 
6.0 

1440 



TABLE IX - PRE-FLIGHT URINE SAMPLES 

No. Date Time ----.- Volume SD. Grav. pH 24-Hr. VOL. 

32 
33 
34 
35 

36 
37 
39 
40 

41 
42 
43 
44 

11-29-65 1310 792 m l .  1.007 
11-29 1800 265 1.025 
11-29 2100 267 1.0245 
11-30 0600 372 1.026 

11-30 1014 180 1.024 
11-30 1642 410 1.0245 
11- 30 2100 240 1.027 
12-01 0700 467 1.0265 

12-01 1200 293 1 m 022 
12-01 1621 252 1.0245 
12-01 2100 360 1.026 
12-02 0600 340 1.0285 

6.7 
6.4 
6.2 

6.2 
6.2 

5.8 
1696 m l .  

5.5 
6.0 

1297 
6.2 
6.4 
5.0 
5.5 

1245 
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TABLE XI1 - POST-FLIGHT URINE SAMPLES 
F.B. 

No. Date Time --̂ ------c Vol . SD ----A .G. P L  -I----.-- 24-Hr .  Vol. 

95 
96 
97 
98 
99 
100 

101 
102 
103 
104 
105 

107 
106 

108 
109 
110 
111 
112 
113 
114 
115 

116 
117 
118 
119 
120 
121 
122 
123 

12-18- 65 
12-18 
12-18 
12-19 
12-19 
12-19 

12-19 
12-19 
12-19 
12-20 
12-20 
12-20 
12-20 

12-20 
12-20 
12-20 
12- 20 
12-20 
12-21 
12-21 
12-21 

12-21 
12-21 
12-21 
12-21 
12-21 
12-22 
12-22 
12-22 

1210 
1800 
2130 
0600 
0835 
1200 

1730 
2100 
2310 
0600 
0800 
1000 
1200 

1400 
1510 
1830 
2100 
2230 
0500 
0730 
1120 

1400 
1500 
1710 
2000 
2230 
0630 
1000 
1200 

505 
345 
368 
645 
428 
430 

453 
230 
20 5 
303 
213 
342 
352 

480 
347 

5 30 
435 
270 
308 
605 

690 
495 
625 

* 230 
655 
390 
182 
540 

588 

1.009 
1.018 
1.0125 
1.014 
1.0225 
1.016 

1.018 
1.019 
1.0225 
1.022 
1.011 
1.009 
1.011 

1.006 
1.006 
1.009 
1.0085 
1.004 
1.009 
1.018 
1.008 

1.0055 
1.005 
1.004 
1.012 
1.0045 
1.0175 

1.007 
1.016 

6.8 
6.4 
5.6 
6.0 
5.8 
6.2 

5.5 
5.5 
6.0 
6.2 
6.0 
6.6 
6.8 

6.2 
6.0 
6.2 
6.2 
6.6 
6.0 
5.8 
6.8 

6.4 
6.2 
6.6 
6.2 
5.8 
6.0 
6.0 
6.8 

To i n f l i g h t  XIV 

2216 

2098 

3563 

3807 



TABLE XI11 - POST-FLIGHT URINE SN4PLES 

J.L. 

No. Date -I_ Time -.-_- Vol . Sp.G. -sL-___ 24-Hr. Vol. 
(ml.)-- 

97 

98 
99 
100 

101 
102 
103 
104 

105 
106 
107 
108 

lo9 
110 
111 
112 

12-18-65 

12-18 
12-18 
12-19 

12-19 
12-19 
12-20 
12-20 

12-20 
12-20 
12-21 
12-21 

12-21 
12-22 
12-22 
12-22 

1109 

1800 
2030 
1233 

1500 

e600 
1215 

2230 

1830 
2330 
0730 
0950 

1930 
0630 
0750 
1200 

(ml. 1 

440 

287 
185 
263 

290 
325 
485 
30 5 

370 
315 
488 
142 

388 
853 
210 
165 

1.010 

1.019 

1.024 

1.022 
1.0225 
1.015 
1.021 

1.023 

1.026 

1.026 
1.016 
1.019 

1 027 
1.04 
1.013 
1.022 

7.0 

6.0 
5.8 
5.8 

6.0 
6.0 
6.4 
5.8 

6.0 
6.6 
5.8 

6.0 
5.8 
6.2 
5.8 

5.8 

To Inflight XIV 

735 

1405 - 

1315 

1616 
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TABLE X I X  

24-HOUR URINARY EXCRETIONS’ 

F.B. - I N F L I G I I T  

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 

-215 
.215 
.214 
.I95 
.249 
.215 
.260 
.264 
.296 
.273 
.242 
.268 
.252 
,178 

.137 

.130 

.116 

.068 

.099 

.139 

.log 

.185 

.187 

.160 

,116 

.087 

155 

.123 

209.6 
161.6 
157.9 
208 6 
326.1 

162.2 
166.3 
191.1 
153 7 
220.1 
173.9 
189 7 

183.4 
214.0 

76.8 
52.6 
50.2 
55.2 

91.4 
157.8 

83.3 

138.7 
114.6 
154.4 

83.5 
15.2 

94.1 
138.2 

1.144 
1.144 
1.557 
1.696 
2.21.4 
1.910 
1 911 
1 787 
2.965 

1.624 
1.620 
1.846 

1 357 
1.604 

0945 
1.061 

1.607 
1.361 
1.387 
i. 511 
1.471 

1.395 
1.049 
1.310 
1.019 

1.113 
1.070 

---- 

15.7 16.26 

18.8 16.51 

46.3 13.27 
32.11 15-45 

70.5 22.42 
52.6 17.22 
10.5 . 19.72 
17.0 19.85 
42.8 19.62 
53.4 19.82 

115.5 18 -79 
167.0 18.47 
129 5 17.25 
128.4 15 -97 

Mean .238 .129 196.3 93.4 1.741 1.254 65.7 17 .?O 
s.d. .032 .033 41.1 41.6 .442 .210 47.5 2.27 

- ----I- --- - ___ -- * Corrected for mean of pre- and post-flight creatinine excreticns. 
( 2.397 gm . /24-hr. ) 



TABLE XX 

24-HOUR URINARY EXCRETIONS* 

J.L. - INFLIGHT 

---- ---- 1 
B! .122 -100 
3 
4 .143 .092 
5 .149 .089 

---- ---- 

6 . i75 .og2 
7 .160 .ogg 

9 .160 .io8 
10 .158 . i i 7  

8 .185 .lo7 

11 .154 .093 
12 .192 .126 
13 .180 ,066 
1 4  .160 .078 

---- 
178.2 ---- 
158.2 

180.8 

194.5 
189.4 

193.2 
192.1 
174.3 
238.2 
164.9 
175.1 
142.7 

---- 
56.6 

57.6 
55 - 9  
54.5 
57.7 
56.0 
45.0 
41.5 
50.0 
47.8 
49.2 
38.8 

--e- 

---- 
1.216 ---- 
1.872 

1.581 
1.602 

1.688 

1.609 

1.71.4 
1.539 

1.549 
1.391 

1.584 

1.573 

---- 
1.017 ---- 

.966 
1.026 

.877 

.g11 
1.019 
1.006 
1.253 
1.137 
1.044 

.890 
1 075 

---- 
183.9 ---- 
106.0 
132.2 
151.1 
148 2 
156.6 
161.2 
144.3 
175.4 
138. a 
149.6 
109.8 

---- 
14.26 

16.50 
16.09 

---- 
15.70 

16.78 
18.07 
17 78 
17 58 
19.74 

1.4.14 
12.75 

1 5  50 

Mean .162 .097 181.8 50.9 1.577 1.018 146.4 16.24 
s .d .  . o w  .016 22.6 6.3 .155 .lo2 22.1 1.86 

---- ___--.- --- * Corrected for mean of pre- and post-flight creatinine excretions. 
(2.196 e. /24-hr. 



TABLE XXI 

24-HOUR URIEARY EXCRETIONS 

F.B. - POST-FLIGHT 

Day C a  Mg N a  K p04 S04 C1 N Crea t in ine  
(sm.1 (pi.) -i___.--i (meq.1 ------ (meq.1 -- (m.1 (m.1 LTes.1 (am.) ( 9 . 1  

1 .288 .099 109.6 84.3 2.035 2.323 60.6 30.86 3.046 
2 .284 .083 103.9 95.3 1.321 1.863 100.6 27.38 2.283 
3 284 .egg 187.2 91.2 1.545 1.461 181.5 21.79 2.637 
4 .288 .083 159.5 90.4 1.353 1.110 164.0 21.36 2.739 

Post 

Mean .286 .093 140.1 90.3 1.563 1.689 126.7 25.34 2.676 
s.d. .002 .011 34.8 3.9 .286 .453 48.6 3.97 * 273 



TABLE X X I I  

24-HOUR URINARY EXCRETIONS 

J.L. - POST-FLIGHT 

Post 
1 .150 .083 47.0 48.9 1.287 1.418 47.9 15.07 2.196 

3 .172 .lo0 78.3 64.2 1.366 1.686 57.9 21.76 2.195 
4 .187 .OB 106.9 86.0 1.276 1.454 111.2 20.30 2.479 

2 .180 ,095 65.9 54.6 1.256 1.559 45.1 22.55 2.382 

Mean .172 .093 74.5 63.4 1.296 1.529 65.5 19.92 2.313 
s.d. .014 .006 21.8 1 4 . 1  .Oh2 ,104 26.8 2.91 .122 



TABLE XXIII - DRY RUN 
FECAL SAMPLES 

(1965) 
Date Wet Dry 

(1965 1 Marker F l t  . w t .  
Sub3 ect /No. Date Time Marker Admin. (gm.) (a,) - -- __- ---___I__------ 

Ott 1 11-17 184 5 B 11-16 80.1 17.4 
2 11-20 1355 R 11-19 178.6) 80.1 
3 11-22 0900 R 156.6) 

Rice 1 11-17 0630 B 11.-16 192.6) 
2 11-18 0700 B 137.6) 92.9 

5 11-20 0710 R 162.1) 

3 11-19 0900 B 117.1) 
4 11-19 2300 R 11-19 149.6) 53.2 



TABLE XXIV - PRE-FLIGHT 

FECAL SA?PLES (A). 

F. 1 
2 
3 
4 
5 

6 
7 
8 

. 9  
10 

J. 1 
2 
3 
4 
5 

6 
7 
8 
9 
10 

11 

11-23 
11-24 
1l-25 
11-26 
11-27 

11-28 
11-28 
11-29 
11-30 
12-01 

11-23 
11-23 
11-25 
11-25 
11-27 

11-28 
11-29 
11-30 
11-30 
12-01 

12-01 

1130 
0650 
0935 
0715 
0700 

0645 
2400 
2150 
2130 
1715 

1300 
2100 
094 5 
2130 
1230 

1100 
2030 
1710 
2245 
1615 

2100 

13 11-22 
13 

---e 

B 12-01 

98.6) 

63.4) 130.2 
90.1) 

90.6) 

116.6) 

493 5 126.9 

41.6) 
116.6) 

81.8) 
85.6) 

121.4) 100.8 

337 5 85.3 



TABLE X X V  

PRE-FLIGHT FECAL SA?PLES ( B  ) 

D a t e  
Marker Wet D r y  

(1965 1 Admin. w t .  w t .  
Subject No. D a t e  Time Marker - (1965) (mn.1. (Q.) -- ----- 

E. 1 
2 
3 
4 
5 
6 

7 
8 
9 
10 
11 
12 

13 

M. 1 
2 
3 
4 

5 
6 
7 

8 

11-23 
11-24 
11-25 
11-25 
11-26 
11-26 

11-28 
11-27 

11-29 
11-30 
12-01 
12-01 

12-02 

11-23 
11-24 
11-25 
11-26 

11-28 
11-29 
11-30 

12-01 

0730 B 
0830 B 
1520 B ( t r . 1  
0800 B ( t r . )  
1410 ---- 
1735 ---- 
1630 R 
0615 R 
0730 R ( t r . 1  
1235 ---- 
0750 ---- 
2345 ---- 
0815 B 

2300 B 
2100 B ( t r . )  
2130 ---- 
2015 ---- 
2330 R 
1801 ---- 
2100 ---- 
2100 B 

11-22 

11-27) 
1 
1 
) 
1 
1 

12-01 

11-22 

11-27) 
1 
1 

12-01 

44.6) 
134.6) 
67.4) 
123.6) 
88.1) 
67.1) 

496.5 

188.6) 
99.6) 
104.1) 
84.1) 

351.5 

100.4 

89.8 

120.7 

96.3 



TABLE XXVI - INFLIGHT FECAL SAWLES 

Borman 1 
2 
3 
4 
5 
6 
7 
a 

Love11 1 
2 
3 
4 
5 
6 
7 

1519 
1523 
1529 
1530 
1543 
1 5 4 1  
1535 
1531 

1520 
1524 
1521 
1546 
1545 
1547 
1527 

50+13 

140+25 
170+00 
193+17 
2 4 0 ~ 4 9  
287+25 
3 0 8 ~ 4 4  

9 6 ~ 5 9  

138+26 
143+48 
187+00 

261+27 
285+46 

232+00 
257+00 

178.5 
113.0 
170.0 
75.0 

109.0 
104.5 
113.5 
122.0 

TOTAL 

46.0 
70.3 
88.1 
44.5 
60.5 
96.5 

155  * 0 

TOTAL 

79.55 
45.91 
68.01 

37.85 
44.87 
54.28 
56.10 

32-92 

419.49 

244.79 



TABLE XXVII 

POST-FLIGHT FECAL SMPLES 

Date 
of Wet D r y  

Date Harker F!t . w t .  
Subject No* ( 1 9 6 5 L T i m e  Marker I___ (1965) .~ _________ (m.) - - (m.1 - 
Borman 100 12-19 0835 --I- 12-18 73.6 21.40 

102 12-20 1400 ---- 214.6) 94.60 
101 12-19 2200 B 241.6) 

103 12-22 0800 ---- 12-22 91.6) 

Love11 100 12-18 2030 ---- 12-18 130.6 57.91 

102 12-20 0800 B 294.6) 135.53 
101 12-20 0600 B 79.6) 

103 12-22 1045 ---- 12-22 187.6) 



TABLE X X V I I I  

FOOD ANALYSES (pe r  100 gm. Fresh Weight) 

PRE- AND POST-FLIGHT MEXLS 

Food 

Ground Beef 
Steak 
Lamb 
Chicken 
Egg 
Milk 
I ce  Cream 

.0086 .0223 2.34 9.10 .2230 

.0072 .0230 2.45 9.10 .2211 

.0180 .0281. 3.03 7.56 .24g5 

.0270 .0260 1.61 8.21 ~ 2 3 4  

.0556 .oioo 4.39 3.31 .2268 

.lo74 .0148 65.88 3.11 .09S6 

.I583 .0159 2.17 3.64 .I509 

Lime Sherbert  .0250 
Orange Sherbert .  0385 
Cheese .7200 
Bread .0925 
Pan Rolls .1174 
Hamburger Rolls.1021 
Rice (cooked) ,0156 
Potato .0113 
Broccol l i  .0294 

Green Beans .0279 
Lima Beans .0236 
Onion .0229 
Peas .0167 
Apple Sauce .0050 
Apr i cot  s . o n 0  
Peaches .0020 
Pears .0040 
Pineapple ,0120 
Butter  .0150 
Sanka ( i n s t . )  .0700 
Tea ( i n s t .  ) .0700 
Orange Ju ice  .0265 
Lemon Ju ice  .OlOO 
Honey .0073 

B13%j?- rY 0075 
R s i a n  

French Dressinq.0109 

Itf3&&3ing .0005 

Carrots .0285 

.0098 

Mayonnaise .0063 

9 r e s s i n g  

.0050 

.0050 

.0220 

.0150 

.0204 

.0153 
0697 
.0167 
.0184 
0099 
.0210 
.0361 
.0102 
0199 
.0020 
.0050 
.0030 
.0025 
.0090 
.0023 
1390 
.2300 
.0230 
.0080 
* 0020 

.0044 

.OlOO 

.0008 

.0040 

.0180 

2.30 
2.30 
21.30 
4.48 
4.85 
2.18 
0.39 
0.80 
0. 04 
1.89 
0.21 
0.03 
0.53 
0.05 

1.20 
1.05 
0.80 
1.25 
36.87 
0.87 
14.00 

1.30 
1.50 

1.90 

1.85 

9.65 
100.00 
47.50 

55.00 
42.50 

0.56 
0.56 
2.05 
3.10 
2.46 
2.46 
2.36 
10.44 
9.73 
3.08 
2.44 
5.69 
4.03 
2.46 
2.00 
6.00 
11.03 
2.18 
2.46 
5.95 
22.19 
116.15 
5.36 
3.62 

2.87 

54.65 
26.00 

6.70 
9.99 

1.38 

,0385 
.Oh00 
.5820 
.1217 
.1480 
.0878 

.0738 

.1163 

01555 

.0241 

.0283 

.0810 
0371 
,0648 
.0050 
.0115 
.0140 
,0060 
,0065 
1750 
.2200 
.4600 
.0520 
.0120 
.0050 

.0065 

.1800 

.1625 

.0190 

.I875 

From Tables ( U . S . D . A .  Handbook #8) 

Lettuce 020 ---- 0.39 4.38 .022 
---- 0.13 6.10 .027 Tomatoes .013 

Mushrooms .006 ---- 0.65 10.35 .116 

s04 
. (m* _.---- I-. 

.1932 

.2075 

.2452 

.2200 

.1890 

.2427 

.0347 
0970 
.Oh50 
.l900 
.lo82 
.1274 

.0889 

.0254 

.0964 

.0109 

.0142 

.ob62 
,0374 
.0247 
.0020 
.0040 
.0030 
.0020 
.0050 
.OOlO 
.1650 
.3450 
.0160 
0035 

.oooo 

.0140 

.0120 

.0170 

.OOlO 

.0120 

.1281 

---- 
---- 
---- 

N 

3.064 
2.742 

2 859 
3.728 
0.632 
0.966 
0.029 
0.019 
0.420 
1.618 
1.658 
1 545 
1.072 
0.366 
0.416 
0.120 
0.271 

0.172 
0.684 
0.000 
0.000 
0.000 
0.000 
0.000 
0.095 
0 798 
1.970 
0 .ooo 
0.061 
0.048 
0.016 
0.256 
0.096 

0.176 

3 590 

1.162 

0.032 

0.144 

0.432 
0.176 
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TABLE X L I I I  

ANALYSES OF IMPLIGET FOOD PACKS 

No. 

1-A 
1-B 
1- c 
2-A 
2-E 
2- c 
3-A 
3-B 
3-c 
4-A 
4 - 3  
4-C 
5-A 
5-B 
5 4  
6-41 
6-B 
6-c 
7-A 
7-B 
7-c 
8-A 
8-B 
8-C 
9-A 
9-B 
9-C 

10-A 
10-5 
10-c 
11-A 
11-B 
11-c 
12-A 
12-33 
12-c 
13-A 
13-B 
13-C 
14-A 
14-B 
14-C 
15-A 

Not received 
5257 

.1788 

.4703 

.2635 

.3168 

.1367 

.3136 

.3672 

.6016 

.2362 

.3524 

.0814 

.7204 
,1430 
.4891 
3475 

.2656 

.2056 

.5330 

.3816 

.36?8 

.0553 
5427 

,2642 

.1548 

.4976 

.3147 
,3204 
.2326 
4973 

,3842 
.3456 
0551 

.6278 

.2854 

.6419 

.1430 
,4523 
2859 

.6909 

.0653 

.0518 

.0862 

.0637 

.0690 
0779 

.0648 

.0303 

.0551 

.OB55 

.0821 

.0338 

.0832 

.0965 
0679 

.0789 

.OB35 

.0393 

.Ob00 

.0641 

.0790 
0549 

,0264 
,0749 
0547 

-0777 
.0729 
.0702 
.0843 

.0414 

0792 

.0890 

,0600 
.0866 
9 0774 
,0432 
0792 

.0644 

.0743 

.0886 

Mot received 
Not received 

79.4 
58.1 
40.3 
53.1 
37.2 
50.7 
51.0 
50.0 

66.1 
22.9 
34.7 

58. I. 
15.9 
36.1 
39.9 
16.1 
14.9 
51.8 

80.8 

78.3 

88.2 
62.2 

45.3 

57.6 
20.5 

18.4 

80.2 

62.4 
41.4 
23.8 
61.6 
44.7 
61.8 
79.9 
73.1 
56.2 
53.5 
53.6 
44.3 
63.9 

17.4 
13.1 

17.0 
20.6 

15.6 
15.6 
12.9 

5.5 
13.4 
18.4 
15.1 

4.4 
15.4 
13.1 

6.0 
11.6 
16.8 

4.7 
3.6 
3.7 

1 4 . 1  
16.4 
12 .1  

4.9 
18.6 
12.8 

6.1 
17.0 
15.5 

5.3 
18.9 

8.7 
15.1 
14.5 
14 .4  

9.0 
18.3 
14.0 
16.6 
15.4 

5733 
3396 

,5226 
.6607 
.3363 

.3620 
5151 
4774 

.4884 
9 3996 
.4875 
5742 

.3396 
4719 

.6717 

.3605 

.464P 

.4646 
5253 

.4703 
3950 

.2680 

.6040 

.6169 

.3420 

.4418 

.8711 

.3240 

.4230 

.4106 

.4306 
,3638 
.3675 
.3440 
,6055 
,5746 
.2860 
.4430 
.5963 

3539 

0.7 
0.5 
0.4 
0.3 
0.3 
0.0 
0.2 
0.2 
1 .3  
0.8 
0.2 
0.4 
0.1 
0.2 
0.5 
0.5 
0.0 
0.3 
0.1 
0.3 
0.2 
0.4 
0.2 
0.5 
1.0 
0.3 
0.0 
0.0 
0.5 
0.8 
0.0 
0.5 
0.0 
0.7 
0.0 
0.0 
0.4 
1.5 
0 -9  
1.1 

5 0 777 
4.691 
7.169 
5.822 
4 773 
5.284 
3.345 
2.496 
3.846 
5.348 
6.467 
4.206 
5 605 
5.342 

7.164 
6.301 
6.694 
4 555 
3.363 
5.608 
6.211 

7 390 

4.636 
3.112 
5.846 
4.847 
6.366 
5 672 
4 577 
5.544 
6.141 
4.214 
5.728 
6.330 
6.611 
4.920 
5.977 
5 a 082 
7.864 
5 559 

.2960 

.2970 

.3381 

.3393 

.2906 

.2759 

.2500 

.1445 

.2671 

.4088 
4377 

.2341 

.2551 

.2576 

.3316 

.3131 

.2713 

.3082 

.1447 

.3410 
,4517 

.pa03 

.2878 
1957 

.2929 

.2920 

.4054 

.4088 

.3216 

.3448 

.3103 

.2910 
* 3779 
.3416 
.2104 
2565 

.2725 
3595 

.3667 

. m a  



TABLE XLIV 

ANALYSES OF SOFE I W L I G H T  FOOD ITEXS 

(per  se rv ing)  

It ern 

B r  owni e s 

Date F r u i t  Cake 

Pineapple F r u i t  Cake 

Ginger Bread 

Sausage 

Beef Sandwich 

Egg Bi te s  

Peanut Cubes 

Apricot Cub e s 

Apricot Cereal Cubes 

C a  N 
(gm. 1 (@* 1 

.0185 1.110 

.0260 1.386 

,0410 1.752 

.a285 . P 7  

.0082 2.500 

.0126 1.893 

.1166 1.765 

.2015 2.189 

.1780 1.323 

.0078 .629 

.0h30 

.0659 

.e576 

.0549 

.139h 

.1025 

,1630 

,0979 

.a609 

.0365 



G.E.T. 
Hours 

07 
17 
22 

31 
42 
49 

52 
66 
72 

78 
88 
95 

102 
112 
117 

124 
137 
142 

149 
160 
166 

170 
186 
191 

196 
206 
213 

220 
2 30 
239 

245 
255 
259 

267 
281 
286 

291 
307 
312 

324 
? 

Fl igh t  
Day 

I 

II 

111 

I V  

v 

V I  

V I 1  

V I 1 1  

IX 

X 

X I  

XI1 

XI11 

XIV 

TAELE XLV 
ACTUAL INFLIGHT MEAL SEQUEPiCE 

(From ~ o g )  

Meal 
Pack 
No. 

2-A 
3-A 
2-B 

1-B 
2-c 
3-c 

15-B 
5-A 
7-c 

6-c 
4-A 
4-B 

14-C 
1 5 - ~  

5-B 

4-c 
8-A 
6-B 

5-C 
6-A 
7-B 

1-c 
7-A 

11-B 

13-C 
1 4 - A  
11-A 

10-c 
10-A 
14-B 

9-c 
12-A 
12-B 

9-c 
13-A 
13-B 

12-c 
10-E 
11-c 

9-A 
9-n 

Not available for analysis (n.a.f.a.1; use 3-B 

N.a.f.a.; use 10-C 
N.a..f.a.; use 11-A  

On>$ i n  p i l o t  log 

C f .  245 h r s .  ? Use 8-C 



TABLE XLVI - S5JmT STUDIES 

D e r  24 hours 
Subject 

Ott 

Rice 

F.B. 

J .L .  

E.W. 

M.C. 

Phase 

Dry Run 

D r y  Run 

Pre-flight 
Pre-flight 
Inf light 
Post-flight 
Post-flight 

Pre- f light 
Pre-flight 
Inf light 
Post-flight 
Post-flight 

Pre-flipht 
Pre-flight 

Pre-flight 
Pre-flight 

11- 17 

11-17 

11-23 
11-26 

12-J+ to 12-18 
12-20 
12-21 

11-23 
11-26 

12-20 
12-21 

12-4 to 12-18 

11-23 
11-26 

11-23 
11-26 

Dry Run Mean (W=2) 
s.d. 

Pre-flight Mean (N=8) 
$.a. 

Inf light Mean (W=2 ) 
s.d. 

Post-f light Mean ( W = h  
s.d. 

C a  
PAL 
.066 

.050 

.023 

.029 

.014 

.043. 

.Oh2 

.014 

.031 

.Ob1 

.048 

.@23 

.016 

.027 

,032 
.034 

Mg N a  K "4 C 1  
P - 0  meq. meq. &m* meq: 

.021 11.6 6.3 .oil 14.6 

. o i h  18.7 10.2 .oil 16.7 

.006 27.8 9.5 .002 19.6 
..007 21.6 11.3 .005 17.i 
.006 2.3 1.1 .003 1.4 
-013 7.9 9.4 .@03 12.7 
.017 16.1 12.5 .005 17.4 

.005 25.1 12.9 .005 14.4 

.007 25.2 15.9 .OO5 17.7 

.007 2.9 1.6 .002 2.2 

.018 13.2 13.4 .012 17.2 

.ox5 6.4 9.3 .oo7 13.3 

.oog 37.6 13.0 .oo4 31.9 

.008 42.5 12.7 .005 34.7 

.009 41.0 11.4 .003 33.0 

.008 21.3 9.6 .007 18.7 

.058 

.008 

.006 

.027 

.015 

.001 

.044 

.003 

,018 15.2 8.3 
.oo4 3.6 2.0 

,007 30.3 12.0 
.ooi  8.2 1.9 

,007 2.6 1.4 
.001 0.3 0.3 

,016 10.9 11.2 
.002 3.9 1.8 

.011 15.7 

.ooo 1.1 

.005 23.4 

.oo i  7.8 

.003 1.8 
,001 0.4 

.007 15.2 

.003 2.2 

N 
&& 

.22 

.14 

.20 

.18 

.03 

.23 

.2a 

.31 

.40 

.04 

.24 

.311 

.34 

.34 

.24 

.28 

. 38 

.04 

.29 
07 

.04 

.01 

27 
.04 
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TABLE XLIX 
METABQLIC BALANCES 

F.B. 
POST-FLIGHT 

Caicium - D i e t  
(gm.) Urine 

%re at  
Feces 
Balance 

Magnesium - D i e t  
(gm. 1 Urine 

Sweat 
Feces 
Balance 

Sodium - D i e t  
(meq.) Urine 

Sweat 
Feces 
Balance 

Potassium - X e t  
(mcq.) U r i n e  

Sweat 
Feces 
Balance 

Phosphate - Diet 
Urine 
Feces 
Balance 

Su l f a t e  - D i e t  
( g m . )  Urine 

Sweat 
Feces 
Balance 

Chloride - Diet 
(meq.) Grine 

Sveat 
Feces 
Balance 

Nitrogen - Diet 
Urine 
Sweat 
Feces 
Balance 

1 

1.237 

.Ob3 

+ .137 

- 

.288 

-769 

.356 

.099 

.015 

.1.48 
a.094 

244.9 
109.6 
12.0 
6.5 

+116.8 

120.8 
84.3 
11.0 
9.6 

+23.9 

2.549 
2.035 
.503 

e.011 

2.535 
2.323 
.004 
.124 

+. 084 

60.6 
15.1 
0.3 

22.04 
30.86 
0.26 
1.21 

-10.29 

2 

1.391 
.284 
.Oh3 

+. 295 

I_ 

769 

.526 

.083 

.015 

.I48 
+. 280 

4.8 
3.9 
12.0 

' 6.5 
C172.4 

169.3 
95.3 
11.0 
9.6 

+53.4 

3.246 
1.321 
.503 

+l. 422 

3.036 
1.863 

.004 

.124 
+1.045 

100.6 
15.1 
0.3 

28.92 
27.38 
0.26 
1.21 
+!I. 07 

3 

1.174 

.043 

+. 078 

.427 
099 
.015 
.l48 

+ .165 

- 

.28h 

769 

169.1 
187.2 
12.0 
6.5 

-36.6 

126.5 
91.. 2 
11.0 
9.6 

t-14.7 

2.630 
1.545 
.503 

+. 582 

2.605 
1.461 

+1.016 

.004 

.124 

181.5 
15.1 
0.3 

21.87 
21.79 
0.26 
1.21 
-1 39 

4 

1.412 
.288 
.Oh3 

e .  312 

: 4 l O  
.OF13 
.015 
.I48 

+. 164 

769 

245.7 
159 5 
12.0 
6.5 

+67 7 

106.1 
90.4 
11.0 
9.6 
-4.9 

2.469 
1.353 
.503 

+. 613 

2.331 
1.110 
.004 
.124 

+1.153 

164.0 
15.1 
0.3 

22.24 
21.36 
0.26 
1.21 

-0 59 
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TABLE LII 
METABOLIC BALANCES 

J.L. 
POST-FLIGET 

Calcium - D i e t  
(gm.1 Urine 

Sweat 
Feces 
Balance 

Magnesium - D i e t  
kin. Urine 

Sweat 
Feces 
Balance 

Sod.ium - D i e t  
( m e q . )  Urine 

Sweat 
Feces 
Balance 

Potassium - D i e t  
(meq. ) Urine 

Sweat 
Feces 
Balance 

PhosDhate - Diet 
(gm. 1 Urine 

Feces 
Balance 

S u l f a t e  - D i e t  
(gm. )  Urine 

Sweat 
Feces 
Balance 

Chloride - Diet 
(rreq. ) Urine 

Sweat 
Feces 
Balance 

NitroTen - Diet 
( 9 . 1  Urine 

Swezt 
Feces 
Balance 

1 2 3 4 

1.254 
.150 
.Oh5 
,766 
+.293 

.338 

.083 

.017 

.log 
+. 129 

184.1 
47.0 
9.8 
10.3 

+117.0 

124.8 
48.9 
11.. 4 
7.2 

+57 * 3 

2.458 
1.287 
,289 

+ .802 

2.436 
1.418 
.010 
.096 

+. 912 

47.9 
15.3 
0.2 

19.84 
15.07 
0.29 
0.97 
+3.51 

1.348 
.180 
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Calcium - Diet  
(e.) Urine 

Sweat 
Feces 
Balance 

Magnesium - Diet  
(gm. 1 Urine 

Sweat 
Feces 
Balance 

Sodium - D i e t  
(meq.) Urine 

Sweat 
Feces 
Balance 

Potassium - Diet  
( m e q . )  Urine 

Sweat 
Feces 
Ralanc e 

Phospha,te - Diet 
(P. 1 Urine 

Feces 
Balance 

S u l f a t e  - Diet 
(p;m.) Urine 

Sw e a t  
Feces 
Balance 

Chloride - Diet  
(meq.) Urine 

Sweat 
Feces 
Balance 

Nitrogen - D i e t  
(P. 1 Urine 

Sweat 
Feces 
Balance 

TABLE LVI 
SIJMMAEY OF BALANCES 

E.W. 

PRE-FLIGHT - 
Mean 

1 277 
.16h 
.025 

. .6h 
+. 1123 

.427 

.150 

.oog 

.149 
+.lo1 

246.4 
186.1 
40.1 
3.6 

1-11.0 

132.6 
84.0 
12.9 
11.2 
+25.4 

2.721 
1.455 
.471 

+.767 

2.610 
1.765 
.005 
.3.00 
+.730 

176.6 
33.3 
0.2 

26.00 
18.56 
0.34 
1.35 
C5.70 

s .d. 

.067 

.018 

,053 

.031 

.023 

.050 

34.0 
31.1 

20.6 

23.8 
16.5 

27.6 

.327 
165 

.h17 

.343 

.221 

.453 

33.8 

2.116 
1-79 

2.71 



TABLE LVII 

M.C. 
SW*QUi'FIY OF BALAYCES 

Ca lc iu?  - Diet  
(p.1 Urine 

Sweat 
Feces 
Balance 

Magnesium - D i e t  
(pa. 1 Urine 

Sweat 
Feces 
Balance 

Sodium - Diet 
(meq.) U r i n e  

Sweat 
Feces 
Balance 

Potassium - Diet  
(meq.) Urine 

Sweat 
Feces 
Balance 

Phosphate - D i e t  
Urine 
Feces 
Balance 

Diet 
Urine 
Sweat 
Feces 
Balance 

Diet  
Urine 
Sweat 
Feces 
Balaiic e 

Diet 
Urine 
Sweat 
Feces 
Balance 

PRE-FLIGHT 
Mean - 
1.318 
.205 
.033 
.692 

+. 388 

.445 

.129 

.009 

.187 
+.120 

225.0 
146- 4 

1.7 
+45 7 

94.3 

6.9 
4-28.6 

2.872 

31.2 

140.3 

10.5 

1.508 
.406 

+. 959 

2.749 
1.906 
.005 
.136 

+. 702 

139.0 
25.9 
0.4 

27.13 
22.28 
0.26 
1.49 

i 3 . 1 1  

s . d .  

.03& 

.030 

_I 

.145 

.G39 

.015 

.092 

48.0 
27.1 

58.8 

16.7 
15.8 

19.2 

.283 

.145 

.358 

.309 

.296 

.500 

25.2 

2.16 
2.14 

2-77 



TABLE L V I I I  
?4 

Signif icance of Correlat ionships  t o  Dietary Intake 

Ca Mf3- p04 s04 N N a  I( 

Ca - Diet 
Ca - Urine 
C a  - Balance 

Mg - Diet 
Mp; - Urine 
Mg - Balance 

PO4 - Diet 
PO4 - Urine 
POL - Balance 

SQ4 - Diet 
SO4 - Urine 
SO4 - Balance 

N - Diet 
N - Urine 
N - Balance 

N a  - Diet 
Na - Urine 
Na - Balance 

K - Diet 
K - Urine 
K - Balance 

--_ 
.9 
.01 

. ox 

.9 

.001 

.001 

.05 
,001 

.001 

.2 

.001 

.001 

.02 

.2 

. 001 

.2 

.01 

.001 

.4 
* 001 

.01 

0 01 
09 

*-e 

.9 

.OD1 

. 001 

.1 
001 

0 001 
.2 
.01 

.001 
05 
.1 

.001 

.3 

.01 

.001 
,3 
.01 

.001 
-9  
.01 

.001 

. 001 09 

--e 

.1 

.001 

.002 

.1 

.01 

.001 
05 
.1 

.001 

.2 

.01 

.001 

.3 
0 001 

.001 
09 
.01 

.001 

.9 

.001 

.001 . 05 

.001 

--- 
.2 
.01 

.001 
05 
.1 

,001 
03 
.01 

.001 

.4 

.01 

.001 

.9 . 01 

.001 
b 6  

e 01 

. 001 
02 . 001 
.om 
.I 
.02 

I-- 

.1 

.05 

.001 

.4 
05 

.001 
02 
.01 

9 - Values expressed a s  "PL" for  t h e  co r re l a t ion  coe f f i c i en t .  

001 
.7 . 02 
.001 
.6 
.Ol 

. 001 

.3 

.001 

.001 
0 05 
.05 

.001 

.05 
02 

--P 

.6 
05 

.001 

.2 

.02 

0 001 
.9 
.01 

.001 

.9 . 001 
001 

.05 . 003. 

.001 

.9 

.01 

.001 

.05 

.1 

. GO1 

.2 

.01 

--- 
03 
.001 

Data used fo r  ca lcu la t ions  were the  mean values for  each subjec t  fo r  each 
phase (1?=8). 



TABLE LIX A 

Significance of Correlationships of Urinary Excretions 
f 

'Ii Na K p04 so4 
Ca ME 

Ca .a e 3  .6 .I .9 .I 

Mp, .a --- .6 .2 05 .2 .2 

03 .6 Ye- .9 .5 .2 .a p04 
.6 02 .9 .3 .7 03 

N .1 05 05 93 I-- .2 .2 

.7 Na .9 .2 .2 07 .2 

K .1 .2 .8 .3 .2 .7 

s04 

_-- 
--I 

* - Values expressed as "P<" for  t h e  correlatj.on coefficient. 

Data used for calculations were t h e  mean values for each subject ~ O T  
each phase ( N = 8 ) .  



TABLE LIX B 

Significance of Correlationships of Balances 
8 

Ca .02 .01 .01 01 .1 .01 

Mg .02 I-- .001 01 03 .001 .001 

PO4 .01 .001 --- .001 .1 .01 .001 

.01 .01 .GO1 --_ .2 05 * 01 "4 
N .01 * 3  .1 .2 --- .4 1- 

Na .1 .001 .01 05 .4 .01 

K .01 .001 .001 .01 .1 .01 --- 

* - Values expressed as "F(" for the correlation coefficient. 

Data used for calculations were the mean values for ea,ch subject for 
each phase ( N = 8 ) .  
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TABLE LXI 

T r i t i u m  Measurements Raw Data 

Subject S/N7- 

B 
B 
B 
B 
? 
? 
E 
B 
B 
B 
B 
B 
B 
B 
B 
B 
L 
L 
L 
B 
L 
L 
? 
B 
L 
B 
B 
? 
L 
L 
L 
L 
L 
L 
L 
L 
B 
L 
B 
B 
L 
L 
B 
L 
B 
R 

1 
2 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15  
16 
17 
18 
21 
22 
24 
25 
26 
27 
29 
31 
32 
33 
34 
35 
36 
37 
39 
4 1  
42 
45 
47 
48 
4 9 
51  
52 
53 
54 
55 
56 
60 
61 

52504.6 
46986.5 
45219.0 
50753.7 
46805.9 
44545.7 
51038 4 

56373 7 
41194.4 

52995 e 2 
52873.9 
48285.0 
51535.4 
43002.8 

50792 1 
41515.0 
42912.3 
40669.3 
45768.5 
41094.2 
43175.7 
46258.3 
58607.1 
43841.2 

49737 9 

53038.8 
51850.5 

50966.6 

4631.7.9 
51840 e 8 

48668.9 

48744.9 
50172 5 

50340.6 
53227.6 

56769.5 
49318.1 

45304.3 
58947.7 
62646.9 
41965.4 
49101+. 1 
58695.9 
45525.5 
47126.9 
46287 e 5 

u+s c R Subjec-t; S/N7- - U 
c - 

3446.9 
1975.0 
2276 8 
2572-3 
3723 e 3 
3067.9 
2476.9 
2747.5 
2460.8 
2256.7 
2605.8 
1942.9 
1053.5 
1740 3 
lh71.4 
1177 5 
1463.4 
3131.2 
5267.4 
2637.5 
2500.6 
281.2 9 

1706.5 

4531,2 
2590.2 

2413.5 
1540.6 
2491.2 
4295.6 
2749.7 

2417.6 
3355.6 

2053.6 
2300.8 
7609.3 

2336.9 
1368.3 
2277.6 

3199 9 
2584.1 

1951.7 
3177 6 
1707.1 
3136.9 
1815.6 
2722.9 

31.3 
31.3 

31.3 
31.3 
31.3 
31.3 
29.1 
29.1 
29.1 
29.1 

27.2 
29 , l  
29.1 
27.2 
29.1 
29.2 
29.2 
29.2 
30.3 
30.3 
24.6 
30.7 
22.8 
30.3 
24.6 
24.6 
30.3 
30.3 
30.3 
24.4 
24.4 
24.6 
27.4 
24.4 
30-3 
30.1 
30.3 
30.3 
30.3 
30,3 
30.7 
27 e 4 
27.4 
28.4 

29.2 

29.2 

B 
B 
B 
L 
3 
L 
L 
L 
L 
I3 
L 
L 
L 
B 
L 
L 
B 
B 
I, 
L 
B 

B 
L 
L 
B 
B 
L 
L 
L 
L 
B 
L 
R 
B 
B 
3 
B 
B 
L 
B 
B 
L 
B 
B 

r, 

62 
65 
66 
67 
68 
69 
70 
71 
75 
76 
77 
78 
79 
80 
81 
83 
84 
85 
86 
87 
88 
90 
91 
92 

. 93 
95 
96 
97 
98 

100 
1 0 1  
102 
103 
104 
105 

108 
109 
111 
112 
113 
1 1 4  

117 

106 

116 

118 

58101. o 
52165 7 
lr8*{70.9 
38385.8 
47380.6 
42298.7 
41r233.7 
54540.6 
54814.0 
55628.7 
45754 8 
50786.8 

60687.6 

50436.9 
52837.6 

44110. '2 

51514.8 

56985 e 1 
501.32 5 
51880.9 
113260.3 
4 3 8 8 2 ~  
51663 .. 1 
44396 0 4 
48416.0 
51452.7 
62081.8 
43367.4 
49112.2 
55330 9 
56978.8 
52147.4 
44866.4 
67493.1 
47724.9 
52941.1 
53281.7 
5?156,4 
55454.1 
42353.6 
57134.9 

49924.7 

49686.4 

49768.6 

57168 0 

B - U 
C - 

2144.0 
2155.8 
1.911 e 6 

3056.2 
2166.9 
2226 e 2 

2541.5 

10846.5 
5442.6 
2131.0 
3258 e 3 
2629. o 
2621.3 

3457.7 

2396.7 

2405.7 
2290 a 7 

2476.0 

2302 a 0 
13565.2 
2109.2 
2001 e 5 
1418 0 
2311.1 
2517.2 
2481.1 

1978.0 
2596.6 

2238.0 
2532.6 
4968.5 
1582.8 
3361.9 
9837.5 
2018.8 
1993.4 
2082.1 
1874 f 4 
2857.4 
1931.0 
1970.7 
1939.3 
37i5.8 
3911 6 
3069.7 

30.3 
30.1 
30.1 
27.4 
30.1 
30.1 
27.4 
30.7 
27.4 
30.7 
28.4 
30.3 
27.4 
30.3 
30.1 
28-4 
30.0 
30.3 
30.7 

30.3 
30.0 
30,0 
27.4 
30.3 
28.8 
30.7 

27.2 
30.7 
30.7 
28'8 
28.8 
27 2 
30.7 
28.8 
30.7 
30.7 
30.7 

24.4 
28.8 
27.2 
2'7.2 
27.2 

28.8 

24.6 

28.8 



TABLE L X I I  

I n f l i g h t  Urine Volumes 

( A )  F.B. ( B )  J .L. 

S/N7- 

11 
102 

95 
61 
88 
68 
76 
10 5 

9 
15 

108 
1 2  

lo9 
17 
33 

? 
60 

2 
13  
55 
66 

106 
08 
Oh 
2 4 
65 
85 
1 4  

117 
104 

62 
96 
51 

5 
29 
32 

111 
91 

113 
16 
80 
48 
1 

1 1 4  
10  
84 

118 
52 

G.E.T. 

04: 54 
1 4 : O O  
21: 33 
32 : 24 
48:21 
56: 25 
68:25 
77: 45 
89 : 06 
94: 42 
99:24 

102: 14 
112 : 10 
117: 45 
123 : 1 4  
128 : 07 
136: 00 
143: 39 
149: 13 
159: 46 
165 : 30 

173: 42 
185: 00 
192: 51 
195 : 12 
207 : 40 
212: 31 
215:13 
220: 31 
223: 50 
233: 24 
237 : 35 
237 : 49 
240: 45 
247: 58 
257: 00 
267 : 11 
268: 40 
282: 52 
286: 32 
290 : 40 
297 : 48 
308 : 17 
311 : 30 
315: 25 
322 : 50 
326: 32 

170: 00 

% 
Vel. (T) 

363.5 

318.7 
258.0 

233.8 
406.5 
366.9 

384.8 
398.3 
311 3 
478 5 
688.4 

? 
404.4 

519 0 2 

315 e 9 

225 7 

539.6 

369 6 
386 5 
542.5 
397.5 
hl3.9 
316~9 

276.1 
375.4 
368.1 

3011. 9 

314.0 
218.8 
37.5 

422.5 
370.0 
686 e 8 
302 e 7 
349.3 
339.0 
296.9 
577.6 
452.3 
534.1 
391.6 
338.6 
227.0 
399.5 
353.8 
328.6 
2 lr 4 . 5 
428.7 

Vol, (n)” 

441.9 
598. 
371.3 
172.9 

86.9 
65.9 

480.1 
122 7 
325.5 
343.2 

357.1 

42.0 
51.1 

? 

341.? 
352.1 
482.7 
426.6 
276 = 7 
318.4 
293.5 
333.4 
389.6 
426.3 
426.6 
285.5 
215.8 
229 1 
114.7 
675.4 
198.1 
1 8 9 2  
395.8 
275.5 
450.8 
153.4 

398.5 

380.1 

_---- 

308.3 

601.3 

261.0 

289.1 
-e--- 

95.2 
----u 

----- 
-._--- 

S / N Y -  
-_ql 

45 
18 
31 
77 
47 
71 

? 
? 
? 

22 
87 

103 
49 
92 
25 

112 
67 
4 1  
26 
56 
78 
79 
53 
90 
69 
97 
70 
21  
36 
93 

. 98 
37 
86 

100 
39 
81 
54 

101 
42 
75 
116 

83 
35 

G,E.T. 

Oh : 38 
11: 50 
21: 33 
32: 25 
46: 00 
48: 20 

56: 30 
68: 50 
77: 46 
80:41 
89 : 00 
94 : 40 

102:13 

52: 06 

118 : 00 
121: 08 
127 : 30 
140: 10 
146: 37 
159: 02 
165.51 
171: 47 
185 : l ‘ 7  
192: 50 
i97: 28 
209: 09 
215:25 
220: 33 
231: 52 
237: 35 
244 : 00 
254 : 21 
266: 20 
272 : i o  
282: 39 
286: 00 
290 : 44 
302: 19 
308 : 21. 
313: 50 
31.7: 35 
322: 50 
326: 44 

‘k 
VOl. (T) 

90.7 
420.8 
377.1 
198.3 
218.8 
121 8 
-UP-- 

--I-- _---- 
109 ., 8 

42.7 
187.5 
280.7 
277 9 7 
235.4 
320 2 
214.8 
346.7 

205.4 

241.0 
313.8 
320.1 
283.0 
319 3 
287.9 
193.2 

218 6 

279 2 

267.2 
378.1 
326.3 
205.3 
317.3 
318.0 
300.7 
328 1 
219.8 
458.7 

137.4 
1.88.8 
206.4 
168.0 

317 9 

Vol, (MI+ 

--_-- 
--_.e”- 

368.6 
172.9 

43.7 
--01- 

192,1 
217.3 
29.9 

344.7 

243.0 
493.7 
371 0 
326.6 
377.5 

428.3 
203.7 
223.8 
356.2 

391 .? 
276.4 
290 0 

--I-- 

----- 

289.4 

277.6 
283.2 
319 2 
189.5 
275.5 
253.0 
227.6 

110.6 
298.6 
121.8 
143.1 
261.0 
230.9 
184.2 ----- 
--I-y 

I-”.-- 

% - Volume calculated from t r i t i a t e d  water d i l u t i o n  (Table LXI) .  

C - Volume calcu.lat.ed from on-board flow meter, 
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Figure 8B 
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Figure 9 A  
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Figure 9B 
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Figure IOA 
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Figure 11B 
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